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RADIOACTIVE RAINOUT RELATIONS IN CONVECTIVE RAINSTORMS 
Research Report 1 
Prepared by Floyd A. Huff 
INTRODUCTION 
This report presents the results of seven case studies of 
convective storms in 1963. Detailed data on the time and space 
distribution of radioactive ralnout from these storms were pro-
vided by the rainwater sampling network of automatic time samplers 
and total storm samplers shown in figure 1 and described in the 
Second Progress Report (Huff, 1964). This network was installed 
to obtain accurate data on mesoscale distributions of rainout on 
unit areas of 400 to 6000 square miles. Recording raingages at 
each sampling site provided detailed information on the volume, 
rate, and duration of rainfall, the burst characteristics of the 
rainfall, and other pertinent data. Radar observations with two 
sets furnished extensive information on the horizontal and vertical 
characteristics of the storm systems, their movements, locations 
of storm cells with respect to sampling stations, developmental 
stage of individual storms, and other valuable data. Radiochemical 
analyses have provided information on the concentrations of gross 
beta, Sr90, and Ce 1 4 4 in the 1963 storms. 
The purpose of this report is to combine the information 
from the rainwater samplers, raingages, and radar with synoptic 
weather data in search of greater knowledge of the radioactive 
rainout processes and the relationship of the rainout to various 
storm characteristics. Therefore, emphasis has been placed upon 
the description of storm events and presentation of relationships 
between radioactive rainout and various storm parameters. In-
terpretations of observed relationships have been included when 
sufficiently defined by the data to warrant such discussions. 
However, efforts have been made to restrain the natural tendency 
to theorize an explanation for every observation of possible 
significance. 
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FIG. 1 1963 RAINWATER COLLECTOR NETWORKS IN CENTRAL ILLINOIS 
GENERAL ANALYTICAL PROCEDURES 
Radar echo maps of the rainwater sampling network of 6000 
square miles (figure 1) were constructed from film records of the 
scope presentations of both the CPS-9 and TPS-10. Maps were drawn 
at intervals of 5 to 15 minutes, based upon the rate of change 
taking place in the echo patterns. Prom the TPS-10 maps, the time 
and space distribution of cloud tops and their approximate growth 
rates were determined. Average growth rates of the tops were es-
timated by determining height changes between consecutive maps of 
individual convective cells, as indicated by closed contours of 
height. Only those cells with tops above 10,000 feet were used 
in the growth calculations. As part of the TPS-10 analyses the 
number, duration, and movement of these individual convective 
cells were determined from the echo maps. 
The CPS-9 maps were used to determine the movement and in-
tensity of precipitation echoes and the location of the rainwater 
stations with respect to the echoes that produced rainfall at the 
surface. The CPS-9 provides an integrated presentation of pre-
cipitating echoes in the lower several thousand feet of the atmos-
phere when operated on 0° tilt, the depth of integration depending 
upon the range of the target from the radar station. Comparison 
of the location and movement of echo top patterns from the TPS-10 
with the location and movement of low-level CPS-9 echo patterns 
provided a means for estimating whether the rainwater samples at 
a surface station could have contained raindrops which originated 
at levels above the tropopause. 
Data from the recording raingage at each sampling station 
were used to determine the volume of rainfall associated with 
each time sample, the average rainfall intensity during the col-
lection of each sample, and the time distribution of rainfall at 
the station. These data were then used in conjunction with the 
radiochemical analyses of the rainwater samples to determine the 
distribution characteristics of radioactive rainout concentrations 
through the storm, and the relationship of the concentration pat-
tern to rainfall factors. As indicated in preceding paragraphs, 
the radar data were used to determine the height of the storm 
clouds generating the storm rainfall and the location of each 
sampling station with respect to the convective cell (or cells) 
producing the rainwater samples. From the various analyses, 
efforts were made to determine the causes of both similarities and 
dissimilarities in the characteristics of radioactive rainout in 
storms. 
An example of the radar maps used in the storm analyses is 
shown in figure 2. This illustration represents the radar por-
trayal at 1502 CST on June 10, 1963. The isolines connect points 
of equivalent cloud tops, based upon TPS-10 data. The echo tops 
are drawn only for echoes extending above 10,000 feet. The CPS-9 
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Figure 2. RADAR PRESENTATION AT 1502 CST ON JUNE 10, 1963 
echo outline at the same time is shown also, along with the loca-
tion of the rainwater samplers. The CPS-9 echoes represent an 
integration of the precipitating cloud mass in the lower several 
thousand feet of the atmosphere and should not, therefore, have 
the same areal extent as the radar-indicated cloud tops. Figure 2 
illustrates well the spreading out of the cloud system aloft over 
a convective storm system, particularly in the direction of move-
ment. In this case, the echoes were part of a prefrontal squall 
line moving from the WNW. 
Frequent mention is made throughout this report of the dis-
tribution type of the radioactive rainout. This refers to the 
change in the concentration of radioactivity in the rainfall as 
a storm moves over a sampling station. The various types of 
distributions through storms are described in detail in the Third 
Progress Report (Huff, 1965), and average curves for the six major 
types in 1963-1964 storms are shown in figure 3. 
STORM OF MAY 4, 1963 
Synoptic Weather 
At 0000 CST on May 4, a cold front was oriented ENE-WSW 
through southern Wisconsin and then westward across northern Iowa 
and southern Nebraska. This front became quasi-stationary in 
southern Wisconsin, and 12 hours later (1200 CST) extended NE-SW 
through southern Wisconsin and central Iowa to a low center in 
western Kansas (figure 4), Southwesterly flow of mT air was 
present at the surface over Illinois. By 0000 CST on May 5, the 
front had moved southward and was oriented ENE-WSW across central 
Illinois, 
At 500 mb, the winds were from the WNW at 20 to 30 knots on 
May 4. A weak trough was indicated in the contour pattern over 
eastern Illinois and western Indiana on the 1800 CST map (figure 5). 
The jet stream was located approximately 225 miles north of the 
sampling network during the rainfall period, and the tropopause was 
near 38,000 feet. 
Storm Rainfall 
Scattered thundershowers occurred over the rainwater sampling 
network during the afternoon of May 4. These showers were not 
associated with extensive squall line systems, and were probably 
triggered by diurnal heating in the warm air in advance of the 
front. Amounts ranged from 0.04 to 0.6l inch at the six sampling 
stations reporting rainfall (figure 6). North of station E, how-
ever, a small area received a 3-inch rainfall accompanied by hail. 
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Figure 3. AVERAGE RELATIONS FOR SIX MAJOR DISTRIBUTION 
PATTERNS OF BETA CONCENTRATION IN 1963-1964 STORMS 
Figure 4. SURFACE MAP FOR 1200 CST ON MAY 4, 1963 
Figure 5. 500-Mb MAP FOR 1800 CST ON MAY 4, 1963 
Figure 6 STORM RAINFALL ON MAY 4, 1963 
Hail and heavy rain were reported a few miles east of the network 
also. 
Reports from the U. S. Weather Bureau and from other sources 
have been used in the construction of figure 6, in addition to 
data from the rainwater sampling stations. This has been done to 
illustrate the spatial variability of convective rainfall in short 
distances. Within the sampling network, rainfall was confined to 
the northern and eastern stations (figure 6), and most of the rain 
fell at moderate to heavy intensities in the range from 1 to 5 
inches per hour (in/hr). 
Comparison of Radar, Raingage, and Radioactivity Observations 
Radar observations were made with the CPS-9 throughout the 
storm period, and with the TPS-10 during part of the rainfall 
period. Considerable information on cloud heights was obtained 
from the vertically scanning TPS-10 and from the CPS-9 which was 
operated on an antenna tilt program during the storm. 
The development, movement, and relative intensity of the 
thunderstorm activity is illustrated in figure 7 where the PPI 
presentation of the CPS-9 has been shown at selected intervals. 
Relative echo intensity has been indicated by shading within the 
echo outlines; heaviest intensities are represented by the solid 
shading. The echo producing the rainfall at station L in the 
early afternoon was separate from the major storm and has been 
omitted from figure 7 to avoid confusion in the illustration. 
Figure 7 shows that the thunderstorm area developed south-
ward and increased in intensity as it moved across the north-
central part of the network. By the time the thunderstorm line 
reached station D in the eastern part of the network it was dis-
sipating, as indicated by the changes in extent and intensity of 
the echo presentation from 1345 to 1455 CST in figure 7. However, 
as the thunderstorm line dissipated from the north, the southern 
extremity of the line remained as a multi-cellular thunderstorm 
with a W-E orientation. This complex thunderstorm produced the 
hail and heavy rainstorm north of station E in figure 6. The 
heavy rainstorm is located beneath the echo intensity center at 
the southern end of the dissipating line at 1455 in figure 7. 
Radar-indicated cloud tops reached 40,000 feet, approximately 
2000 feet above the tropopause, in the heavy rainstorm. 
The network patterns of the concentration of Sr90, Ce144, and 
gross beta are shown in figure 8 for the storm of May 4. General 
features of the three patterns are similar. A region of relatively 
high activity extends NW-SE from the vicinity of stations A and B 
to station F, whereas relatively low activity is indicated in the 
northeastern part of the network near stations C and D. 
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Figure 7 RADAR ECHO DEVELOPMENT AND MOVEMENT ACROSS SAMPLING 
NETWORK ON MAY 4, 1963 
Figure 8. RADIOACTIVE RAINOUT PATTERNS ON MAY 4, 1963 
The correlation between rainfall and rainout concentration 
was not consistent throughout the network. For example, station F 
lies in a region of high Sr90 concentration and station C in a 
region of low concentration but the rainfall is nearly equal at 
the two stations. Therefore, it is necessary to search beyond 
the rainfall pattern for an explanation of the rainout concentra-
tion patterns. In the following paragraphs, individual station 
analyses are discussed. Radar, rainfall, and radioactivity data 
have been employed in these station analyses in an effort to ex-
plain the rainout patterns of figure 8. 
Station A. Two thunderstorms passed over this station on 
May 4, the first from 1215 to 1230 CST and the second from 1255 
to 1301. Rainfall was 0.18 in the first shower and 0.14 in the 
second. Owing to range and precipitation attenuation, reliable 
radar data were not obtained at station A. No interpretations 
with respect to the rainout at this station have been attempted 
from the radar data since the use of these data could lead to 
fallacious conclusions. 
Four rainwater samples were obtained at station A, The first 
two samples were from the first shower, the third sample contained 
rain from the end of the first and the start of the second shower, 
and the fourth sample was from the remainder of the second shower. 
Rainout and rainfall statistics have been summarized in table 1. 
A very high concentration of radioactive rainout is indicated in 
the first sample at station A at the forward edge of the first 
shower. After the first sample, rainout concentrations were 
relatively constant, and a strong initial peak at the start of 
the second shower is not indicated by the time sampler data. 
The initially high rainout concentration was associated with 
a relatively high rainfall rate, but the second sample, much lower 
in concentration, had a much higher rainfall rate. Therefore, no 
explanation of the rainout concentration characteristics can be 
found from the rainfall rate distribution. The ratio of Ce144/Sr90 
followed the concentration distribution pattern in that a consid-
erable decrease occurred from the first to second sample. This 
decrease indicates younger radioactive debris at the leading edge 
of the rain system, if the radioactive material in the initial 
sample was strictly atmospheric fallout. As indicated in the 
Third Progress Report, however, the high initial ratios may be 
related to the entrainment of surface particulates into the lead-
ing edge of storms. 
Station B. Two rainwater samples were obtained in the 
0.10-inch storm that passed over the station between 1230 and 
1300 CST. Slight decreases in concentration of gross beta and 
Ce144 took place from the first to second sample, but no signif-
icant change in Sr90 concentration occurred (table 1). The rain 
was from an elongated thunderstorm complex (figure 7). The posi-
tion of station B was near the central part of the radar echo and 
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Table 1. Radioactivity and Rainfall 
in Storm of May 4, 1963 
Time 
(CST) 
1215-17 1217-18 
1218-58 
1258-1301 
1230-
-1300 
1335-38 
1338-40 
1340-42 
1344-45 
1348-50 
1350-1405 
1405-1450 
1520-25 1525-36 
1536-45 
1604-07 
1620-35 
1343-45 1345-46 
1346-47 
1348-50 
1352-54 
1355-57 
1357-59 
1359-1415 
1250-1320 
Beta 
(pc/1) 
12,377 3212 
3086 
2852 
5915 
4390 
11,335 
-
3179 
1921 
1928 
-
3658 
4827 
-
2092 
2099 
2837 
4577 
6147 
6423 
6522 
7077 
-
4278 
4492 
Sr90 
(pc/1) 
106 
33 
29 
40 
45 
44 
71 
40 
36 
22 
20 
29 
77 
52 
40 
25 
30 
35 
85 81 
63 
79 
84 
78 
50 
53 
39 
Ce144 
(pc/1) Ce 
Station A 
2478 
617 
490 
691 
Station B 
1842 
1195 
Station C 
448 
1913 
616 
196 
224 
233 
754 
Station D 
936 
734 
554 
418 
732 
Station F 
1114 
1611 
1368 
1097 
1377 
1657 
957 
1089 
Station L 
1062 
144/Sr90 
23 
19 
17 
17 
41 
27 
6 
48 
17 
9 
11 
8 
10 
18 
18 
22 
14 
21 
13 20 
22 
14 
16 
21 
19 
21 
27 
Rain 
amount 
(in) 
0.08 
0.08 
0.08 
0.08 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.09 
0.11 
0.09 
0.11 
0.05 
0.05 
0.04 
0.04 
0.04 
0.05 
0.04 
0.05 
0.04 
0.04 
Rain 
rate 
(in/hr) 
2.4 
4.8 
0.1 
1.6 
-
1.0 
1.5 
1.5 3.0 
1.5 
0.2 
0.1 
1.1 
0.6 
0.6 
2.2 
0.2 
1.5 2.4 
2.4 
1.2 
1.5 
1.2 
1.5 0.2 
0.1 
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south of an intense echo center. The initial concentration 
(first sample) was much lower at station B than that of the 
earlier first sample in a TRW at station A, However, the rain 
at station B was apparently not from the same TRW. 
The storm echo extended for approximately 50 miles in a 
NNE-SSW direction as it passed station B in the southern part 
of the thunderstorm line (figure 7). Radar-indicated tops were 
in the range from 23,000 to 28,000 feet in the echo intensity 
center south of station B in figure 7. However, echo tops in 
the portion of the storm that passed over station B did not ex-
ceed 20,000 during the approach and passage of the storm. As 
pointed out earlier, the tropopause was in the vicinity of 
38,000 feet, so that the cloud tops apparently remained far 
below the stratosphere. 
Figure 8 shows that the average rainout concentration at 
station B was relatively high. Radar data indicate that the 
relatively high concentration was not associated with penetration 
of the tropopause. The total rainfall of 0.10 inch was the low-
est among the five rainwater stations affected by the thunderstorm 
line. Huff (1965) has shown that the correlation between radio-
active rainout concentration and total storm rainfall, although 
not consistently strong, is higher than with several other mete-
orological factors tested including cloud tops, tropopause height, 
and jet stream distance. 
From the available data, the best explanation for the rela-
tively high average concentration at station B is its occurrence 
with light rainfall in an area where the complications of vertical 
development into the stratosphere or intersection of a Danielsen-
type stratospheric extrusion in the troposphere were not present. 
Station C. Ten rainwater samples were obtained in a 0.49-
inch thunderstorm at station C from 1335 to 1450 CST. Samples 1, 
2, 3, 5, 8, 9, and 10 were analyzed. The rain occurred from the 
same thunderstorm complex that produced the rainfall at station B. 
The storm consisted of a single burst from 1335 to 1400 CST, fol-
lowed by a period of 45 minutes of light rain. The elongated 
thunderstorm complex had developed northward and southward into 
a line approximately 100 miles long by the time it reached sta-
tion C. Radar-indicated tops reached 41,000 feet, or 3000 feet 
above the tropopause, as the storm approached this station. Gross 
beta and Sr90 concentrations exhibited Type A distributions with 
respect to the time distribution of rainfall volume. Except for 
the first sample in which the concentration was unexpectedly low, 
Ce144 had the characteristics of a Type A distribution. 
Figure 7 shows that the thunderstorm line was in its stage 
of maximum development with respect to the sampling network as it 
passed station C. A number of echo intensity cores associated with 
individual cells in the line are evident in figure 7. Also, cloud 
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tops attained their deepest development along the line about that 
time. Figure 8 shows that the concentration of radioactive rainout 
at station C was relatively low, so that the development of clouds 
to and slightly above the tropopause height did not result in any 
pronounced increase in radioactive debris concentration. 
The best correlation, as at station B, appears to be with 
storm rainfall; that is, a relatively low average concentration 
was associated with one of the higher rainfall volumes in the 
network. The minima in the rainout profiles were closely asso-
ciated with the rainfall rate maximum (table 1). 
Station D. Type A distributions were indicated by gross beta, 
Sr90, and Ce144 at station D, where 0.6l inch fell in thunderstorm 
rainfall from 1520 to 1635 CST. Seven rainwater samples were col-
lected; five of these (1, 2, 3, 5, 7) were chemically analyzed. 
The storm consisted of several bursts associated with individ-
ual cells in a thunderstorm complex that developed at the southern 
extremity of the dissipating thunderstorm line. This complex, which 
had its center located south of station D, moved very slowly east-
ward. Maximum cloud tops as measured by radar were 40,000 feet, or 
2000 feet higher than the tropopause, in the center of the thunder-
storm complex south of D. 
Both the initial and average concentrations of radioactive 
rainout were relatively low in comparison with the network patterns 
(figure 8, table 1). The relatively low concentrations occurred in 
conjunction with relatively heavy rainfall. Thus, from available 
data, rainfall appears to have been the major influence in deter-
mination of the rainout concentration, a situation similar to those 
at stations B and C. The rainfall rate distribution was not strongly 
correlated with the rainout profiles. 
Station P. This station was located in the southern and most 
intense portion of the thunderstorm line passing across the sampling 
network. Rain was occurring at station F at the same time and, 
therefore, with the thunderstorm line in the same stage of devel-
opment as at station C. Rainfall amounts were nearly equal at the 
two stations, 0.49 inch at C and 0.48 inch at F. The rain at sta-
tion F fell in a double-burst storm, and 0.44 inch fell in the first 
16 minutes in which 10 samples were obtained. The 11th sample con-
tained the 0.04 inch of light rain that fell from the overhang of 
middle clouds in the last 16 minutes of the storm and in the rear 
of the convective system. Radiochemical analyses were made of eight 
samples (1, 2, 3, 5, 7, 9, 10, 11). 
Type C distributions were indicated for Sr90 and gross beta. 
Similar to the situation at station C, the Ce144 concentration 
did not strictly follow the distribution characteristics of beta 
and Sr90. The first sample showed an unexpectedly low concentration 
of Ce144, similar to station C. As a result of the relatively low 
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initial concentrations of Ce144 at stations C and F, a relatively 
low ratio of Ce144/Sr90 was found in the first samples. In turn, 
this indicates radioactive debris from a relatively old source 
region at this early stage of the storm compared with the debris 
later in the storm. It is not possible to determine from the 
available data the cause of this distribution dissimilarity. 
The two stations differed in that Type C distribution was 
associated with the beta and Sr90 rainout at station F whereas 
Type A was found at station C. As pointed out in the Third 
Progress Report (Huff, 1965), the Type C storm is likely to be 
associated with vertical development of a convective cell into 
the stratosphere reservoir of radioactive debris or from inter-
ception of a stratospheric extrusion into the troposphere as 
described by Danielsen (1964). 
Station F ranked first in average beta concentration and 
average Sr90 concentration, and was second to station B in con-
centration of Ce144. Thus, station F had relatively heavy rainout 
associated with relatively heavy rainfall, contrary to the commonly 
found inverse relationship between rainfall and rainout, which was 
found at stations B, C, and D in the storm of May 4. Therefore, 
at station F, the dominating influence on the surface rainout con-
centration was not the storm rainfall. The Type C distributions 
indicate that a vertical development into a stratospheric debris 
source or interception of a Danielsen-type extrusion from the 
stratopshere may have occurred. The maximum cloud top associated 
with the thunderstorm line as it approached and passed over sta-
tion F was 40,000 feet, about the same as at stations C and D, and 
only 2000 feet above the tropopause. The most acceptable explana-
tion, based upon available data, is interception of a stratospheric 
extrusion in the tropospheric layer. 
An interesting speculation, assuming the presence of an ex-
trusion, is what effect the extrusion of relatively dry strato-
spheric air with its supply of possible condensation nuclei may 
have had on later properties of the thunderstorm line. Both the 
upper air flow and radar observations indicate that convective 
elements at station F would later have reached the approximate 
position of the heavy hail and rain storm north of station E in 
figure 6. Also, this portion of the line north of station E 
(figure 7) intensified and remained identifiable as a thunder-
storm complex for several hours after the rest of the line had 
dissipated. 
Ratio of Ce144 to Sr90 
Ratios of Ce144 to Sr90 are summarized in table 1 for each 
time sampler station. The ratio has similar trends at stations A 
and B where the highest ratio was found at the start of rainfall. 
At stations C, D, and F, the highest ratios did not occur at the 
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start of rainfall, although one of the highest ratios, 48 at 
station C, occurred from 3 to 5 minutes after the start of rain-
fall. Also at station F the highest ratio occurred 3 to 4 min-
utes after rain started. Thus, in general, the ratios were higher 
at or near the beginning of rainfall, and these higher ratios 
indicate radioactive debris of a more youthful age than that 
found later in the storm. As shown in the Third Progress Report, 
this general trend was found in 1963 storms. When average ratios 
for total storm rainfall were calculated for the six stations, a 
trend was found for Ce144/Sr90 to decrease with increasing rain-
fall volume. This trend implies that older ratioactive debris 
was present in the heavier rainstorms on May 4. The trend is 
illustrated in figure 9. 
Summary and Conclusions 
Storm rainfall (rainfall volume) appears to have been the 
dominant influence in determination of the radioactive rainout 
concentration at stations B, C, and D. Evidence was found that 
relatively high rainout concentrations at station P resulted from 
an interception of a stratospheric extrusion near that station. 
Radar data were inadequate to evaluate the major influence on the 
rainout at station A. The rainfall on May 4 occurred in conjunction 
with a thunderstorm line containing a number of convective cells, 
and it was not possible to evaluate the effect of station location 
with respect to a specific cell upon the rainout intensity and 
pattern. Also, effect of evaporation below the cloud bases could 
not be evaluated from existing data. 
STORM OF JUNE 10, 1963 
Introduction 
A squall zone passed through east-central Illinois during the 
afternoon of June 10. This storm resulted in measurable rainfall 
at all network stations. Both the CPS-9 and TPS-10 radars were in 
operation during the storm. The squall zone also passed over the 
Little Egypt Raingage Network in southern Illinois, and data from 
the total storm samplers on this network (figure 10) have been 
used for comparison with the data collected in east-central Illinois. 
The Little Egypt Network is 150 miles south of the rainwater sampling 
network in east-central Illinois. 
In the afternoon storm of June 10, time samples from 13 sta-
tions were analyzed for gross beta, Sr90, and Ce144 activity. Also, 
total storm samples from five stations on the Little Egypt Network 
were analyzed for Sr90 and Ce144 content. The most detailed com-
bination of radar and rainfall observations during the 1963 sampling 
period was obtained in this storm. 
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STORM RAINFALL IN INCHES 
Figure 9. RELATION BETWEEN STORM RAINFALL AND Ce144/Sr90 IN STORM OF 
MAY 4, 1963 
Figure 10. LITTLE EGYPT NETWORK 
Synoptic Weather 
The storm during the afternoon of June 10 consisted of two 
squall lines preceding a cold front. The surface map at 1200 CST 
is shown in figure 11. At that time the associated cold front 
was approximately 45 miles from the western boundary of the rain-
water sampling network. 
Analyses of rainfall and radar data collected by the Water 
Survey and the U. S. Weather Bureau indicate that the first squall 
line had its inception in west-central Illinois near noon. This 
squall line developed very rapidly from northeast to southwest and 
stretched from Michigan to Texas within a short time. The squall 
line was not indicated by any of the U. S. Weather Bureau radars 
on their reports for 1200 CST. However, the CPS-9 of the Water 
Survey first detected small echoes near the southwestern boundary 
of the sampling network at 1145, and within less than 30 minutes 
a line had developed just west of the network's western boundary. 
The 500-mb pattern at 1800 CST, shown in figure 12, indicates 
westerly flow over Illinois. The tropopause was at approximately 
41,000 feet over the network during the passage of the rain system. 
An ill-defined jet stream at the 200-mb level with flow from the 
SW was in the vicinity of the network during the storm. The 
freezing level was near 13,000 feet. 
Network Patterns of Radioactivity and Rainfall 
During the storm of June 10, rainwater sampling was confined 
to the network of 3000 square miles shown in figures 1 and 13. 
Network patterns of the initial and average beta concentrations 
and of total storm rainfall are shown in figure 13. Initial con-
centration is the concentration in the first sample at each station. 
Figure 14 shows network patterns of the average concentrations of 
Sr90 and Ce144, along with the average ratio of Ce144/Sr90 that 
provides a measure of the age of the radioactive debris in the 
rainwater. 
In general, the concentration patterns in figures 13 and 14 
are similar. Both the initial and average beta concentrations 
show a peak in the region of stations J and Q in the west-central 
part of the network, and relatively light concentrations in the 
southeastern and northwestern parts of the network. Both Sr90 and 
Ce144 show a peak near station Q and the lowest concentrations in 
the eastern to southeastern parts of the network, similar to the 
pattern of average beta concentration. 
The pattern of Ce144/Sr90 shows the lowest ratios in the 
vicinity of station Q. Thus, the ratio pattern indicates that the 
radioactive debris during the storm of June 10 was oldest in the 
region of maximum concentration of radioactive rainout. The storm 
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Figure 11 . SURFACE MAP FOR 1200 CST ON JUNE 10, 1963 
Figure 12. 500-Mb MAP FOR 1800 CST ON JUNE 10, 1963 
Figure 13 AREAL PATTERNS OF GROSS BETA CONCENTRATION 
AND STORM RAINFALL IN SQUALL LINE ON JUNE 10, 
1963 
Figure 14. PATTERNS OF Sr90 CONCENTRATION, Ce 144 
CONCENTRATION, AND Ce144/Sr90 ON JUNE 10, 
1963 
rainfall map (figure 13) shows that this region of relatively 
high concentration and relatively old debris was also a region 
in which the storm rainfall was relatively light. Light steady 
rain from the middle-deck overhang in the rear of the squall line 
produced the rainfall in the vicinity of station Q. The presence 
of the oldest radioactive debris in the rainwater near station Q 
indicates the strong possibility of a stratospheric extrusion 
into the troposphere in the rear of the squall line. 
Examination of the patterns of radioactive rainout concentra-
tion and storm rainfall shows an inverse relationship, in general. 
In the west-central part of the network, relatively high concen-
trations are associated with relatively light rainfall. In the 
eastern part of the network, relatively heavy rainfall occurred 
in a region of relatively light rainout concentrations, and the 
inverse relationship is exceptionally strong between beta concen-
tration and rainfall. In the northwestern part of the network, an 
area of decreasing concentration of gross beta, Sr90, and Ce144 is 
associated with an area of increasing rainfall. 
Correlation analyses of data from the various sampling points 
showed a correlation coefficient of -0.82 between the concentration 
of gross beta and storm rainfall on June 10. Thus, 67 percent of 
the variance in concentration between stations is accounted for by 
the differences in storm rainfall between these stations. The 
correlation between beta concentration and storm rainfall in the 
storm of June 10 was unusually strong in comparison with most 
storms studied in 1963 and 1964. 
Rainout Comparisons, Central and Southern Illinois 
Several total storm samples were obtained on the Little Egypt 
Network (figure 10) during the evening of June 10 from the same 
synoptic system that produced the afternoon storm on the rainwater 
sampling network in central Illinois. The Little Egypt Network is 
approximately 150 miles south of the East Central Illinois Network. 
The Little Egypt samples were collected in plastic bathtubs used 
for total storm sampling (Huff, 1963). 
Five samples from the southern rainwater sampling network of 
100 square miles (inner area, figure 10) were analyzed for Sr90 
and Ce144. Results are summarized in table 2 where rainout con-
centrations, storm rainfall, and the ratio of Ce144 to Sr90 are 
presented. 
Comparison of table 2 and figure 14 shows that the concentra-
tions of Sr90 and Ce 1 4 4 were lower, in general, on the Little Egypt 
Network. However, table 2 and figure 13 also show much heavier 
rainfall, in general, on the Little Egypt Network. Table 3 shows 
a summary of rainout and rainfall data for stations E, N, and M in 
the central Illinois network, the only stations with rainfall 
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amounts approaching those in Little Egypt for which complete storm 
data are available. Comparison of tables 2 and 3 shows Ce144 
concentrations considerably higher at all three central Illinois 
stations, and except for station K in Little Egypt, the central 
Illinois concentrations of Sr90 also were considerably higher. 
Table 2. Radioactive Rainout in Little Egypt 
Network on June 10, 1963 
Station 
P 
G 
J K 
Q 
Sr90 
(PC/1) 
26 
34 
26 61 
35 
Ce144 
(pc/1) 
630 
491 
541 604 
932 
Ce144/Sr90 
24 
14 
21 10 
27 
Rain 
Amount 
(in) 
0.94 
0.72 
0.77 0.81 
0.90 
Table 3. Radioactive Rainout at Selected Stations 
in Central Illinois on June 10, 1963 
The Little Egypt Network is too far from the radar station 
to permit detailed analyses of the storm cloud system producing 
the rainfall. Examination of the recording raingage charts showed 
that all five Little Egypt stations had similar rainfall experi-
ences. Two rain bursts occurred at each station, and appear to 
have been associated with the same thunderstorm system at all 
stations. However, the average age of the radioactive debris in 
the rainwater, as indicated by Cel44/Sr90 (table 2), varied con-
siderably among the five stations. The ratios varied from 10 to 
27 among these stations within 100 square miles, compared with 
variations of 11 to 23 for the 13 central Illinois stations within 
3000 square miles. Apparently, the rainfall contained radioactive 
particulates from different source regions in both central and 
southern Illinois. These variations in source in the Little Egypt 
Network occurred within short distances in storms that were strik-
ingly similar with respect to rainfall characteristics. 
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Station 
E 
M 
N 
Sr90 
(Pc/1) 
82 
71 61 
Ce144 
(pc/1) 
1725 
1334 
1105 
Ce144/Sr90 
21 
19 18 
Rain 
Amount 
(in) 
0.39 0.50 0.40 
Correlation Analyses 
Results of correlation analyses between beta concentration 
and rainfall parameters in the afternoon storm of June 10 
(central Illinois) are summarized in table 4. In general, 
rainfall volume (total storm rainfall) correlated better with 
radioactive rainout than rainfall rate or duration. 
Table 4. Correlation Between Gross Beta Rainout 
and Rainfall on June 10, 1963 
Correlation coefficients with beta factors 
Rainfall factor Concentration Deposition 
Volume -0.82 0.72 
Average rate -0.69 -0.26 
Duration -0.05 0.76 
Next, 60 time samples from the various stations in the net-
work were used to determine the relationship between gross beta 
concentration and rainfall rate for incremental periods of the 
storm. The correlation coefficients in table 4 are for the aver-
age rainfall rate for the entire storm period. It was considered 
possible that a much stronger correlation might exist between beta 
rainout and rainfall rate if smaller time intervals and incremental 
rainfall amounts were used. However, the results were negative; a 
correlation coefficient of -0.35 was obtained between rainout and 
rainfall rate for the 60 time samples. 
Figure 13 shows the pattern of the initial beta concentration 
in the storm of June 10. No strong correlation was found between 
this pattern and rainfall rate, although a weak trend for the 
initial concentration to decrease with increasing rainfall rate 
was noted in graphical plots of the two parameters, A stronger 
general trend was found for the initial concentration to vary in-
versely with total storm rainfall; that is, the initial concentra-
tion was generally higher at the stations that received relatively 
light rainfall amounts. The correlation coefficient between initial 
concentration and rainfall rate was -0.27, compared with -0.55 be-
tween initial concentration and total storm rainfall. 
Radioactive Rainout Profiles 
Analyses of the time samples for the concentration of gross 
beta, Sr9 , and Ce144 showed that Type A distribution profiles 
occurred at most stations in the storm of June 10. Only stations 
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where four or more time samples were obtained and sampling was 
complete from the beginning to ending of rainfall were used in 
the profile analyses. Based upon acceptable data, the Type A 
profile of beta concentration was found at six stations, Type C 
at one station, and Type D at one station. Similarly, Type A 
was found at six stations for Sr90 and Ce144. 
The storm profiles are illustrated in figure 15 through use 
of data on Ce144. In this figure, distribution curves are shown 
for Ce144 concentration at two individual stations along with 
average curves for the six stations with Type A curves. Profiles 
of rainfall rate and Cel44/Sr90 are shown also in figure 15. 
In figure 15, the rainfall peak at both stations (E, R) 
preceded the minimum in the Ce144 concentration. This occurrence 
is usually found with the Type A concentration type with both beta 
and individual radionuclides. The Ce144/Sr90 ratio had its major 
peak during the time the first half of the rain fell at both sta-
tions, but otherwise no striking similarity is indicated. The 
general trend, as indicated by the six-station average, shows the 
minimum in the Ce144 distribution lagging the peak in the rainfall 
rate distribution, and the peak in the radionuclide ratio occurring 
when approximately 40 percent of the rain had fallen and slightly 
before the rainfall rate peak. The ratio, therefore, indicates 
that the radioactive debris in the rear portion of the squall line 
was somewhat older than that in the forward part of the line. This 
distribution of the Ce144/Sr90 ratio with respect to rainfall is 
typical of convective storms in which the Type A concentration is 
observed. The ratio trend in the storm of June 10 is illustrated 
in table 5 in which the first and last ratios have been shown for 
all stations with three or more time samples in the storm. 
Table 5. First and Last Ratios of Ce144/Sr90 
in Storm of June 10, 1963 
Station First Last 
E 
F 
G 
K 
L 
M 
N 
R 
S 
T 
33 20 
15 20 
23 28 
19 
27 
29 
23 
12 
9 
19 
7 
4 
14 
18 
9 
5- 
9 Median 23 
27 
- 
Figure 15. DISTRIBUTION OF Ce144 CONCENTRATION, RAINFALL RATE, 
AND Ce144/Sr90 ON JUNE 10, 1963 
Comparison of Radar, Raingage, and Radioactivity Observations 
Radar observations were made throughout the afternoon storm 
with the CPS-9, but detailed analyses were hampered by precipita-
tion attenuation at some of the rainwater sampling points. The 
TPS-10 was in operation until the storm reached the eastern por-
tion of the rainwater network when maintenance difficulties forced 
a temporary shutdown. Despite these difficulties, much valuable 
information was obtained from the radars with respect to cloud 
tops, echo movements, and location of sampling stations with 
respect to the precipitating convective system. Most of the 
recording raingages operated satisfactorily during the storm. 
The general movement of the prefrontal squall lines is illus-
trated in figure 16. The locations of the centers of the lines, 
as indicated by the PPI of the CPS-9 on 0° tilt, are shown for 
selected times. The initial squall line (solid line, figure 16) 
was detected originally as a group of echoes near the southwestern 
boundary of the rainwater network. This line developed rapidly in 
a NE-SW direction and by 1245 CST had reached the western extremity 
of the rainwater network. The first network report of rainfall was 
at station I at 1245. As shown by figure 16, the original squall 
line moved relatively slowly across the network in an irregular 
movement. Line 1 moved at an average speed of approximately 12 mph 
for the period from 1214 to 1528. Shortly before 1500, new echoes 
developed a few miles in advance of the original line and formed 
line 2 (broken line, figure 16). 
A large number of cells developed, matured, and dissipated 
during the passage of the two squall lines across the sampling 
network. Within a region of approximately 6000 square miles, 
183 convective cells were identified and tracked during the after-
noon. This does not include cells with lives so short that they 
could not be tracked by radar long enough to obtain movement 
relationships. 
Figure 16 indicates that stations in the western and central 
parts of the network received rainfall from the first line, whereas 
stations in the eastern portion may have been subjected to storms 
from both lines. Actually, the two lines had merged by 1530 CST, 
and the new line was the primary source of rainfall. 
In the following paragraphs, analyses of the radar, rainfall, 
and radioactivity observations at each network station are discussed. 
Discussion is in the order of storm initiation rather than by alpha-
betical order, so that a reasonable sequence of storm events is 
maintained. 
Station I. The CPS-9 indicated that the first squall line 
reached station I at 1235 CST. An elongated echo formed by the 
merging of two smaller echoes passed over station I and resulted 
in a rainfall of 0.23 inch. The center of the echo passed the sta-
tion at 1250-1300, when the surface rainfall intensity was greatest. 
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Figure 16. SQUALL LINE LOCATIONS ON JUNE 10, 1963 
Pour rainwater samples were collected at station I and an-
alyzed for gross beta activity. The radiochemical analysis in-
dicated that the beta concentration increased gradually to a peak 
during the period of heaviest rainfall intensity, after which it 
decreased for the rest of the rainfall period. This produced a 
beta Type C profile and the occurrence of the beta concentration 
peak and rainfall rate peak at or near the same time is typical 
of conditions found with the Type C storms (Huff, 1965). 
Beta concentrations were relatively low at station I in com-
parison with those at most of the other network stations on June 10. 
The total storm rainfall was not great in comparison with the net-
work distribution. Other influences being equal, the beta concen-
tration would be expected to decrease with increasing rainfall. 
Therefore, this factor does not appear to have been dominant in 
producing the relatively light beta concentration. The increase 
of beta concentration with time at the start of the rainfall sug-
gests that evaporation was not a strong influence on the rainout 
at station I. 
The TPS-10 indicated that cloud tops were near 35,000 feet 
as the echo approached and passed station I; thus, the tops ap-
peared to be several thousand feet below the tropopause that 
synoptic analyses indicated was near 41,000 feet. Thus, in its 
early stage of development, no stratospheric penetration had been 
achieved by the convective system, according to the radar observa-
tions, and the relatively low beta concentrations may have been 
due to this lack of stratospheric penetration and to the absence 
of any stratospheric extrusions in the troposphere in the vicinity 
of station I at that time. 
Station G. From 1355 to 1400 CST, the CPS-9 and TPS-10 
showed station G on the northern edge of an echo that was in 
advance of the first squall line, and that later produced a 
hailstorm at station F, discussed later. The raingage showed 
only 0.01 inch of light rain on the echo edge. 
A thunderstorm associated with the first squall line passage 
occurred at G from 1500 to 1550 and resulted in 0.15 inch of rain. 
The heaviest rainfall rate of 0.48 in/hr occurred from 1530 to 
1535 in the last half of the storm period. Actually, the raingage 
trace indicated four small bursts at 1355-1400, 1500-1520, 1520-
1528, and 1528-1550. 
During the burst at 1355-1400, radar-indicated cloud tops 
were at 20,000 feet over station G. During the period from 1500 
to 1550, tops were at 30,000 to 35,000 feet during heavier rain-
fall, and lowered to 18,000 to 20,000 feet at the end of each 
burst. The CPS-9 showed station G on the front edge of a large 
echo mass at 1500. By 1520, the station was at the center of this 
echo, and the radar reflectivity, as indicated by gain steps, reached 
a maximum at that time. By 1540, G was near the rear edge of the 
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CPS-9 echo, A small dissipating echo was still showing at 1547. 
The TPS-10 indicated that station G was in the western half of 
the convective cloud system at high levels during the rain period 
from 1500 to 1550. 
Five rainwater samples were collected in the 0.15-inch rain 
at station G, Radiochemical analyses were made to determine the 
concentrations of Sr90, Ce144, and gross beta in the rainwater. 
These analyses are summarized in table 6. The radioactivity 
concentrations were relatively light in the first sample which 
contained the light rain from the 20,000-foot tops (1355-1400). 
Concentration peaks were reached with Sr90 and Ce144 in the second 
sample which contained rain from the first of three bursts in a 
thunderstorm associated with the first squall line. This sample 
was collected near the center of the echo mass and in the region 
where the radar reflectivity reached a maximum in the echo. How-
ever, surface rainfall rates were light, so that the strong re-
flectivity must have been associated with large raindrops or large 
numbers of raindrops aloft. 
The heavier rainfall at station G appeared to be associated 
with clouds whose tops reached 30,000 to 35,000 feet, whereas the 
tops lowered to 18,000 to 20,000 feet near the end of each burst. 
Thus, the radar-indicated tops associated with the rainfall at 
station G did not reach the tropopause level of 41,000 feet. How-
ever, cloud tops reached a maximum of 40,000 feet W and WSW of the 
station 20 to 30 minutes before the maximum concentrations of Sr90 
and Ce144 occurred, so that these concentrations may have been 
associated with raindrops that reached the ground after generation 
at relatively high levels near the tropopause. Evaporation of 
falling raindrops could have been a factor also, and some support 
for this possibility is given by the occurrence of maximum rainout 
concentrations at light rainfall rates below a radar-indicated 
reflectivity maximum. 
Station F„ No measureable rainfall occurred at station F 
with the squall line passage. However, rain and hail did occur 
in conjunction with a thunderstorm in advance of the squall line. 
The TPS-10 indicated that the advancing cloud system aloft 
reached station F about 1405 CST, and the CPS-9 showed that the 
forward edge of the low-level precipitating echo reached the 
station at 1415, in agreement with raingage data. The CPS-9 
indicated the echo was moving eastward at about 40 mph, and was 
20 to 25 miles in advance of the main line of echoes when it 
reached station F. Aloft, the TPS-10 indicated the precipitating 
echo was associated with a forward projection of the squall line 
cloud system when first detected, about 1335. By 1405, however, 
the TPS-10 indicated a separation aloft from the main cloud system. 
The CPS-9, scanning at low levels, showed the echo 10 to 15 miles 
in advance of the line at the time of initial detection. 
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By the time rain started at station F at 1415, radar-indicated 
cloud tops had reached 36,000 feet over the station, and tops were 
at 43,000 feet about 3 miles WSW of the station. The echo top had 
been in the vicinity of 40,000 feet for approximately 35 minutes 
prior to 1415. By 1418, the echo tops had reached 40,000 feet 
over station P in the hailstorm which lasted from 1415 to 1420. 
The center of the echo passed over station F, and tops were 40,000 
to 45,000 feet until 1422. They lowered to 35,000 feet at 1424, 
then to 30,000 feet at 1430, and to 10,000 feet by 1435 when rain 
ended at the station. The heaviest rainfall rate was approximately 
2.4 in/hr from 1422-1423, following the cessation of hail. The 
heavy rain occurred just to the west of the echo center shown by 
the two radars. Total rainfall was 0.11 inch in the period from 
1415 to 1435 (figure 13). 
Three rainwater samples were obtained in the 0.11-inch rain 
(table 6). The first sample, associated with the hailstorm, showed 
a beta concentration of 7486 pc/1. The beta concentration of the 
second sample, collected during the heaviest rainfall, decreased 
to 6608 pc/1. The third sample, collected in the light rainfall 
in the rear portion of the thunderstorm echo, showed a rapid in-
crease in beta concentration to 24,802 pc/1, the highest concen-
tration obtained in any sample during 1963. However, several other 
stations also had unusually high concentrations in the storm of 
June 10. 
Sr90 concentration showed a similar distribution to beta con-
centration, except that the increase in the last sample was not as 
pronounced (table 6). Ce144 concentration did not change signif-
icantly in the three samples collected at station F. Examination 
of the rainfall rate distribution in table 6 indicates that rain-
fall intensity was not a dominant influence on the rainout concen-
tration differences between samples. The heaviest rainfall occurred 
near the radar-indicated intensity center. 
The ratio of Ce144/Sr90 was much smaller in the third sample, 
and indicates that radioactive debris in the light rain in the 
rear of the thunderstorm was considerably older and, therefore, 
originated from a different source than the debris in the thun-
derstorm rainfall earlier. The Sr90 and Ce144 data in table 6 
suggest that the older debris (smaller ratio) in the third sample 
resulted from contact of the light rain clouds with a relatively 
rich source of Sr90. This may have resulted from interception of 
a stratospheric extrusion in the rear of the thunderstorm. 
The thunderstorm was in a mature stage as it passed station P. 
The center of a convectlve cell passed over the station, but the 
highest concentrations of radioactivity did not occur with the 
maximum vertical development of the cell, according to radar ob-
servations. Instead, the maximum concentration occurred in light 
rain from middle-cloud overhang in the rear of the thunderstorm, 
and this cloud deck had its tops far below the tropopause, according 
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to synoptic and radar analyses. The presence of a stratospheric 
extrusion in the rear of the thunderstorm best fits the distribu-
tion pattern of radioactive rainout In this case. Evaporation of 
relatively small raindrops in the light rain In the rear of the 
thunderstorm would result in an increase in rainout concentration 
also. However, this explanation does not appear applicable here 
since the concentration of Ce144 did not show a pronounced increase 
similar to Sr90 and gross beta. Furthermore, the ratio of Ce 1 4 4 
to Sr90 did show pronounced decrease during the third sample and 
indicated incorporation of debris from an older source supporting, 
in turn, the probability of a stratospheric extrusion as suggested 
above. 
Station 0. A total of 0.10 inch of rainfall occurred in 
two showers within the first squall line at 1445-1500 and 1509-
1516 CST (figure 13). Most of the rain occurred in the first 
shower. Two rainwater samples were collected, the first contain-
ing water from the first shower and the second including water 
from both showers. Relatively high beta concentrations of 12,179 
and 9092 pc/1, respectively, were obtained from the two samples. 
The Ce144 followed the same trend as the beta concentration and 
decreased from 3590 pc/1 In the first sample to 3180 pc/1 in the 
second (table 6). Sr90 concentration showed a reversal in that 
it had a higher value In the second sample. Rainfall rates were 
relatively light during the collection of both samples. 
According to the CPS-9, the first shower occurred near the 
northern end of an echo, and the second shower resulted from the 
passage of the southern edge of another echo over the station. 
Thus, both samples contained water from the beginning of both 
showers at the station, but the second contained some water from 
the first shower also. The second shower appeared to have developed 
5 to 10 miles west of station 0, and had not developed as much ver-
tically as the first shower at the time it passed over the station. 
The TPS-10 Indicated that the cloud tops averaged 37,000 feet 
In the first shower and 25,000 feet in the second shower over sta-
tion 0, with a maximum of 39,000 feet over the station in the middle 
of the first shower. Tops in the first shower had not reached above 
37,000 feet before arrival at station 0. During the first shower 
station 0 was located from near the center to the western part of 
the convective cloud system aloft, whereas in the second shower it 
was near the western border of the cloud system, according to the 
TPS-10. 
Station J. Total storm rainfall was 0.10 inch with the squall 
line passage at station J. Most of the rain occurred from 1520 to 
1530 CST although the rainfall period extended from 1505 to 1545. 
Two rainwater samples were obtained. An unusually high beta con-
centration of 18,413 pc/1 was found in the first sample, but the 
concentration decreased greatly to 6604 In the second sample. Very 
high concentrations of Sr90 and Ce144 occurred also (table 6) in 
the first sample. 
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The TPS-10 indicated cloud tops of approximately 25,000 feet 
over J at the start of the rainfall. This was followed by a de-
crease to 15,000 to 20,000 feet, and then an increase to 35,000 to 
38,000 feet at the start of the major burst. Unfortunately, part 
of the major burst was contained in each rainwater sample, so that 
its influence on the radioactive rainout cannot be determined. The 
CPS-9 indicated that two echoes produced the rainfall. Station J 
was near the southern periphery of the first echo, and the second 
echo passed directly over the station. The maximum rainfall inten-
sity occurred in the forward portion of the second echo. However, 
the maximum intensity was only about 0.50 in/hr, and the radar in-
dicated that this convective cell was starting to dissipate as it 
passed over station J. No evidence was found from the RHI data 
that stratospheric penetration had taken place upwind from station J 
to produce the high initial concentration; the upwind tops appeared 
to be in the range from 25,000 to 30,000 feet for 30 to 40 minutes 
preceding the rain at J. The sampler had been washed approximately 
3 hours before the rain so that sampler contamination should have 
been small. 
Thus, the actual cause of the high beta concentration in the 
initial sample at Station J has not been revealed by the analyses. 
There is some evidence that it resulted from washout of tropospheric 
contamination produced earlier by evaporation of raindrops. The 
RHI radar indicated echoes aloft in the vicinity of station J for 
30 to 40 minutes before the start of rain at the surface. Also, 
the CPS-9 indicated that the southern edge of the low-level pre-
cipitating echo was over station J for 10 to 15 minutes before the 
recording of rainfall at the raingage, so that evaporation of fall-
ing drops may have been involved. 
Station N. Rain occurred with a newly developed squall line 
from 1515 to 1540 CST, and resulted in a storm total of 0.40 inch 
at station N. A beta Type A distribution was indicated by the 
rainwater samples. The average beta concentration was relatively 
light at station N (figure 13). Concentrations of Sr90 and Ce144 
were light also. 
The CPS-9 indicated that most of the rain occurred as the 
southern portion of a large thunderstorm echo within the squall 
line passed the station. This was the same echo that later pro-
duced rain at stations L and M. The southern part of this echo 
also passed through station M, but M was under the influence of a 
different cell within the thunderstorm complex than was station N, 
This thunderstorm complex, an elongated echo with its major axis 
extending for 50 miles, also produced the rainfall at station E, 
discussed later. 
The TPS-10 indicated cloud tops at 35,000 to 40,000 feet over 
station N during the heaviest rainfall. These heights correspond 
to the maximum tops observed upwind of station N before the arrival 
of the storm at the station. Thus, raindrops reaching the surface 
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at N could have originated in portions of the cloud mass near the 
tropopause located at approximately 41,000 feet. If so, heavy 
concentrations of radioactivity were not intercepted. 
The relatively light rainout concentrations at station N were 
associated with the early stages of development of a new squall 
line, a situation similar to that at station I with the first squall 
line. Both stations had relatively light rainout, and this may be 
due to the lack of stratospheric penetration of the system in its 
early stage. Also, relatively heavy rainfall occurred at station N, 
so that the evaporation effect may have been minor at this station 
compared with others, such as J and 0, with very light amounts of 
rainfall. 
Station Q. Rainfall began on the East-Central Illinois Rain-
gage Network (inner area, figure 13) between 1520 and 1530 CST. As 
indicated earlier in the discussion of total storm rainout patterns, 
station Q received only 0.02 inch of rain, and this occurred between 
1530 and 1630 from the middle cloud overhang in the rear of the con-
vective system. The first squall line was in an advanced stage of 
dissipation as it reached Q, and produced no rainfall. The second 
squall line was in an early stage of development as it passed over 
station Q about 1500, and was not producing surface rainfall. Loca-
tion of one of the elements in the new line over station Q can be 
seen in the CPS-9 at 1502 in figure 2. Also, note the relatively 
wide extent of the upper-level cloud deck at that time, as indicated 
by the TPS-10. 
The TPS-10 indicated tops at 20,000 to 30,000 feet in two 
convective cells which passed over Q from 1500 to 1530 without 
producing surface rainfall. One cell was associated with the 
newly developing line and the other with the dissipating first 
line. Echo tops during the light rain (1530-1630) appeared to be 
at 10,000 to 20,000 feet. 
The average concentrations of Sr90 and Ce144 (table 6) were 
the heaviest recorded in the afternoon storm of June 10 (figure 14), 
but, also, the rainfall was the least recorded on the sampling 
network. Thus, if one assumes equal availability of radioactive 
debris throughout the storm mass, the high concentrations could be 
attributed to the small rainfall volume; that is, less water to 
contain the available supply of radioactive particulates. Also, 
the evaporation of falling raindrops could have been a significant 
factor in producing high concentration in the light rainfall. In 
addition, however, as pointed out in the discussion of the network 
patterns of rainout and rainfall, there appeared to be older debris 
in the rear of the convective system than in the forward portions 
of the storm. The older debris, as indicated by the ratio of Ce 1 4 4 
to Sr90 in the rainwater samples, suggests extrusions of strato-
spheric material in the rear of the convective system. 
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The preceding discussion of the radioactive rainout at sta-
tion Q is a good example of the difficulty encountered in efforts 
to determine the causes of such rainout. In this case, the avail-
able data indicate three possible causes of the high concentrations 
(light rain volume, high evaporation, stratospheric extrusions), 
but quantitative evaluation of the three effects cannot be made 
reliably from available rainfall, radar, and synoptic data, although 
these data are much more detailed than provided by standard meteor-
ological observations. 
Station R. Rain fell during the period from 1527 to 1645 CST 
at station R. The storm total was 0.23 inch, but all except 0.01 
inch occurred from 1527 to 1610 in a single thunderstorm burst in 
the newly developed squall line. The heaviest rates occurred early 
in the storm. Over 70 percent of the rain fell in the first 8 min-
utes of the storm, and the maximum rate of 2.4 in/hr occurred from 
1533 to 1535. 
The CPS-9 indicated the arrival of an echo over station R at 
1515, 12 minutes before rain was recorded at the surface. The 
center of a cell passed over R from 1520 to 1535. Station R was 
near the middle of the radar-indicated cell center when rainfall 
started at a moderate rate of 0.6 in/hr at 1525, and was in the 
western part of the cell core when the heaviest rain was recorded. 
The CPS-9 indicated that the heaviest rain ended about 1535, in 
agreement with the raingage, and that the station was in a stable-
type cloud deck during the remainder of the precipitation period. 
The TPS-10 indicated tops in the range from 35,000 to 40,000 
feet at station R during the heavy rain period. Tops were approxi-
mately 30,000 to 35,000 feet in the echo as it approached the sta-
tion. Therefore, a stratospheric penetration apparently did not 
take place. 
The beta concentration decreased from a relatively high value 
of 18,870 pc/1 at the start of the storm to 4500 to 6000 pc/1 in 
the middle portions of the storm, and then increased to 8615 pc/1 
from 1600 to 1645 in the light rain in the rear of the convective 
system. The beta data in table 6 indicate a Type D profile. The 
Sr90 data follow the same pattern as the beta data and show a 
Type D profile as a result of the secondary peak in the time dis-
tribution at 1534-1535. The Ce144 data do not show the secondary 
peak, so that a Type A profile is indicated. The minima in the 
distributions of beta, Sr90, and Ce144 occurred shortly after the 
maximum in the rainfall rate distribution (table 6), indicating 
that the relatively heavy rainfall associated with the storm at 
1533-1535 may have been a dominant factor in production of the 
profile minima at this station. 
The pronounced increase in concentrations in the last rain-
water samples appears to have resulted from the same causes as the 
high concentrations at station Q; that is, light rainfall, evaporation 
37 
of falling raindrops, and stratospheric extrusions could have been 
involved. Again, as at station Q, the radioactive debris found in 
the light rain from the overhang in the rear of the convective 
system was older than that in the forward portion of the storm, 
and this suggests the presence of stratospheric extrusions. Also, 
in table 6, note that the Type D profiles of beta and Sr90 are 
associated at the secondary peak with a smaller value of Cel44/Sr90 
than that occurring before and after this peak, so that the concen-
tration increase at that time was probably associated with inter-
ception of a denser, older source of radioactive debris by the cloud 
elements producing the surface rainfall at 1534-1535. This may have 
resulted from entrainment of air that had become enriched in radio-
active particulates in an early stage of the storm through evapo-
ration of cloud droplets or small raindrops. 
Station S. A total of 0.09 inch fell from 1521 to 1615. 
Light rainfall rates prevailed throughout the storm, and most of 
the rain fell by 1545. Two light showers occurred. 
Three rainwater samples were obtained. The first sample con-
tained all of the collection from the first shower (0.03 inch) and 
part of the water from the second shower. A relatively high beta 
concentration of 16,500 pc/1 occurred in the first sample, and a 
much lower value of 4800 pc/1 was obtained in the second sample 
containing water from the second shower (table 6). Overlapping of 
the samples prevents reliable comparisons between the two showers. 
As shown in table 6, three samples were analyzed for Sr90 and 
Ce144 concentrations. The Sr90 showed a pronounced increase in 
concentration in the last sample (0.01 inch), whereas the Ce144 
concentration decreased throughout the storm, A pronounced de-
crease in Cel44/Sr90 occurred from the first to the third sample, 
and in agreement with the general trend on the network, indicated 
older radioactive debris in the rear portion of the convective 
system. Rainfall rates were light during both showers at station S. 
The CPS-9 indicated that a weak or dissipating cell within a 
thunderstorm passed over the station during the first shower. The 
cell center was near the station. The TPS-10 indicated that tops 
over station S ranged from 30,000 to 38,000 feet in the first shower, 
and tops were in the same range as the echo approached the station. 
Because of precipitation attenuation, both radars were of little use 
in analyzing the second shower shown on the raingage trace. 
Station T. Two thunderstorms occurred at station T, but rain-
water samples were collected only in the first storm period because 
of maintenance problems with the sampler during the second thunder-
storm. In the first storm, 0.20 inch occurred from 1520 to 1528 CST. 
The first burst started and ended suddenly with a nearly uniform rate 
of 1.5 in/hr during the 8-minute storm. Type A distributions were 
indicated for the time distributions of beta, Sr90, and Ce144. 
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The CPS-9 showed an echo reaching station T at 1520, the 
same time that rain was recorded at the surface by the raingage. 
The center of a cell passed over station T, and this cell was 
part of a thunderstorm complex in the new squall line. The TPS-10 
indicated tops at 30,000 to 35,000 feet in the thunderstorm com-
plex as it approached station T. During its passage over the 
station, the tops increased to 40,000 to 45,000 feet. 
The beta concentration of 7864 pc/1 in the first of four 
rainwater samples collected during the burst was relatively light 
in comparison with the rest of the network. The concentration 
decreased to a minimum of 2396 pc/1 in the second sample, and 
increased to 3778 in the last sample. The concentrations of Sr90 
and Ce144 were relatively light at station T also, as shown in 
figure 14 and table 6. 
It appears likely that the rain at the surface had originated 
at levels no higher than 30,000 to 35,000 feet, since these were 
the maximum heights of the echoes as they approached the station. 
Raindrops that developed near the tops of the echoes over the sta-
tion, when they towered to over 40,000 feet, would not have had 
time to reach the surface at the station. Therefore, the light 
concentrations observed at station T are not surprising in view of 
the restricted vertical development and the large volume of water 
contained in the cloud that produced rainfall rates of 1.5 in/hr 
for the duration of the burst. The age of the radioactive rainout, 
as indicated by Ce144/Sr90, remained relatively constant in this TRW 
and, therefore, indicates origin from a single source. The average 
ratio was relatively large (young debris) in comparison with the 
network pattern (figure 14), and this is to be expected in a young 
storm prior to the occurrence of any tropospheric-stratospheric in-
terchange of air. The presence of older debris in the rear of the 
convective system at station T could not be determined, because the 
rainwater sampler failed during this stage of the storm. 
Station K. Rain started with the arrival of a TRW at 1525 
CST and ended at 1630 at station K. The rainfall was associated 
with the second squall line. The heaviest rates occurred from 
1530 to 1535, and 80 percent of the 0.20-inch rainfall (figure 13) 
was recorded in the first 10 minutes of the storm. Five rainwater 
samples were obtained including one at the start of the storm, 
three during the heaviest rainfall period, and one in the light 
rain that fell over a period of 45 minutes after the major burst. 
The beta concentration (table 6) decreased rapidly from 
11,500 pc/1 in moderate rain (0.5 in/hr) at the start of the storm 
to 5900 pc/1 in the early part of the maximum rate period, 1530-
1535; decreased moderately to 4200 pc/1 in the latter part of the 
maximum rate period; and then increased to an average of 9900 pc/1 
in the light rainfall in the rear portion of the convective system. 
Similar trends in the concentration of Sr90 and Ce144 were shown. 
Type A profiles were indicated by the time samples for gross beta 
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beta and the two individual radionuclides. A pronounced decrease 
in Ce144/Sr90 occurred In the last sample which contained light 
rain from the middle cloud deck in the rear of the convective 
system. This indication of older debris in this portion of the 
storm system is, of course, in agreement with the network trend. 
The profile minima occurred at the same time or closely following 
the occurrence of the rainfall rate maximum, as shown in table 6. 
Thus, the profile minima could have resulted primarily from the 
dilution effect; that is, lower concentrations would be expected 
with heavier rainfall rates (greater volume per unit time), other 
controlling factors being equal. 
The CPS-9 indicated arrival of the forward edge of the second 
squall line at station K at approximately 1515, although the re-
cording raingage did not show any measurable rain until 1525. The 
raindrops may have evaporated before reaching the surface, or the 
rain may have been too light to record prior to 1525. The CPS-9 
indicated that station K was in the center of the passing thunder-
storm complex in the squall line from 1525 to 1535, and that the 
most intense echo area was over the station at the start of the 
heaviest rainfall at 1530. By 1540, the station was near the rear 
edge of the thunderstorm complex, after which precipitation attenu-
ation prevented further detailed analyses in the vicinity of K. 
The concentration minima in the beta, Sr90, and Ce144 profiles 
occurred near the center of the thunderstorm echo, as displayed 
by the CPS-9. 
The TPS-10 indicated echoes aloft over station K from 1500 
to 1547, after which the set was turned off temporarily for main-
tenance purposes. As Indicated earlier, the raingage showed light 
rain until 1630. During the heaviest rainfall, the echo tops were 
at 30,000 to 35,000 feet over K. At the same time, a general rising 
of tops was Indicated over the rainwater sampling network. A median 
value of 35,000 feet was indicated at 1530-1535. Station K was near 
the center of the convective cloud system aloft, according to the 
TPS-10. Examination of the RHI data upwind from station K prior to 
arrival of the storm at the station indicates that the raindrops 
reaching the ground to produce the high Initial beta concentration 
of 11,500 pc/1 did not originate In clouds that reached above the 
tropopause level of 41,000 feet. 
The initially high concentration at station K may have been 
affected by evaporation of raindrops in the low levls of the atmos-
phere. This possibility is lent support by the CPS-9 observations 
of echoes over the station for 10 minutes prior to the recording 
of rainfall at the surface. Also, it should be pointed out that 
if the first raindrops are small and relatively few in number, the 
water may be used mostly in wetting the surface of the rainwater 
collector and thus not reach the sample bottles. The radioactive 
rainout deposited on the sampler surface could then be washed into 
the sample bottle with the beginning of heavier rain. In the case 
discussed above, for example, light rainfall from 1515 to 1525 may 
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have been used in wetting the sampler surface, and the radioactive 
material deposited on the sampler surface washed into the first 
sample bottle by the moderate rainfall starting at 1525. The light 
rain from 1515 to 1525 may not have recorded in the raingage for 
the same reason; that is, it may have been used in wetting the rain-
gage orifice so that little or none reached the weighing bucket. 
Station E. At station E, a thunderstorm started at 1535 CST. 
The raingage trace indicated only one distinct burst followed by a 
period of steady rainfall that ended at 1640. The heaviest rates 
occurred near the start of the storm and averaged 1.5 in/hr in the 
first 8 minutes of the storm (table 6). 
The CPS-9 and TPS-10 indicated that the heavy rainfall at the 
start of the rain period was associated with the arrival of the 
eastern edge of the second squall line, and that station E was 
located near the northern edge of a convective cell centered 4 to 5 
miles to the SW. This cell was in the northeastern portion of a 
multicellular thunderstorm complex centered 20 miles SW of E, and 
this complex, in turn, was part of the squall line. Radar-indicated 
tops in the center of the convective cell near station E were ap-
proximately 40,000 feet, 1000 feet below the tropopause level. At 
station E on the periphery of this cell, however, indicated tops 
were below 30,000 feet during the heaviest rain at the start of the 
storm. 
Eight rainwater samples were obtained in the 0.39-inch rain 
at station E (figure 13). Six of these samples (0.30 inch) were 
collected in the first 25 minutes of rainfall, whereas the last 
sample (0.04 inch) included the last 25 minutes of rainfall. The 
concentrations of beta, Sr90, and Ce144 exhibited Type A distribu-
tions through the squall-line rainfall, similar to most sampling 
stations in this storm. As indicated earlier, this distribution 
was produced as the northern portion of a convective cell passed 
over the station, followed by a period of light rainfall from the 
cloud deck in the rear portion of the squall line. The beta con-
centration decreased rapidly from 11,434 pc/1 in the first sample 
to 3493 in the second, and then decreased more slowly to a minimum 
of 2354 in the fourth sample, after which a rise began as the rain-
fall rate decreased rapidly. In agreement with network trends, 
values of Ce144/Sr90 found in the light rainfall in the rear of the 
convective system were smaller than those occurring during the heav-
ier rainfall earlier. 
Station L. Since station L is located at the radar station, 
radar analyses were limited to conditions existing as the storm ap-
proached the station. Also, precipitation attenuation interferred 
with radar analyses to some extent. 
A total of 0.90 inch occurred at station L between 1553 and 
1710 CST (figure 13). The heaviest rates occurred early in the 
storm period, with the maximum rates being recorded from 1600 to 
41 
1610 when over 50 percent of the total rainfall was recorded. Only 
one distinct burst was indicated on the recording raingage chart. 
Heavy rainfall began with the onset of precipitation at the surface, 
so that any increase in concentration in the first sample from 
radioactive particulates deposited on the collector during wetting 
of the surface would not have been a significant factor at L. Also, 
the raindrop evaporation effect on the initial beta concentration 
would have been relatively small with heavy rainfall at the onset 
of the storm. 
The CPS-9 indicated that a large, intense thunderstorm complex 
within the second squall line passed over station L, and that the 
center of this thunderstorm probably passed through or near the 
station. The TPS-10 indicated that tops in this thunderstorm 
reached 40,000 to 45,000 feet as it approached the station. It 
was part of the new line formation immediately in advance of the 
original line that developed about one hour before the storm reached 
L. 
Rainwater sampling was incomplete because of sampler operational 
difficulties. Several samples were obtained at the start of the 
storm and one sample was collected at the end of the storm (table 6). 
The initial beta concentration of 4154 pc/1 was considerably lower 
than that observed at most of the other stations, and this may be 
related to minimizing of the sampler wetting and raindrop evapora-
tion effects discussed above. A decrease to 1967 pc/1 occurred in 
the fourth sample. The last sample, encompassing the final 30 min-
utes of the rainfall period, showed a strong increase in concentra-
tion to 5554 pc/1 in the light rain in the rear portions of the 
convective system. This increase is in agreement with the general 
trend on the sampling network. In general, the concentrations of 
radioactive rainout at L were relatively light in comparison with 
the overall network patterns. The light concentrations were associ-
ated with relatively heavy rainfall at this station (figure 13) and 
with minimizing of evaporation effects, as pointed out earlier. 
Station M. A total of 0.50 inch of rain fell at station M 
from approximately 1555 to 1655 CST (figure 13). The beta concen-
tration in the initial sample was 6006 pc/1, relatively low among 
the network stations (figure 13). Figures 13 and 14 show that 
average rainout concentrations also were relatively light at sta-
tion M. Type A distributions are indicated by the data in table 6. 
Precipitation attenuation interfered with the radar analyses and, 
because of raingage difficulties, reliable calculations of the 
rainfall rate distribution could not be made. 
The CPS-9 indicated that the southern portion of a large thun-
derstorm echo passed over the station. This was the same echo whose 
center passed over station L, 20 miles NNE of station M. The TPS-10 
indicated maximum tops at 35,000 to 40,000 feet in the southern 
portion of the echo as it approached M. 
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Table 6. Radioactivity and Rainfall 
in Storm of June 10, 1963 
Time 
(CST) 
1535-37 
1537-39 1539-41 1541-43 1545-1600 
1615-40 
1415-22 
1422-23 
1423-35 
1355-1400, 
1500-10 
1510-21 
1521-30 
1530-35 
1535-50 
1235-50 1250-55 1255-1300 
1300-1405 
1505-25 
1525-45 
1525-30 
1530-31½ 
1531½-33 
1533-34½ 
1534½-1620 
Beta 
(pc/1) 
11,434 
3493 
2354 
2958 
9125 
7486 
6608 
24,802 
6748 
11,047 
10,805 
1815 
2390 
2670 
2125 
18,413 6604 
11,522 
5926 
5720 
4175 9892 
Sr90 
(pc/1) 
119 47 37 28 
59 
233 
135 102 284 
121 
185 
129 
153 
150 
-
427 88 
204 
86 
82 
96 
394 
C e l 4 4 
(pc/1) Ce 
Station E 3990 1172 1009 851 1137 2868 
Station P 
2750 2590 2684 
Station G 
1802 4260 
2653 2448 2852 
Station I 
Station J 
6530 1900 
Station K 
4140 
2238 
1882 
1607 
2800 
1 4 4/ S r 9 0 
33 25 27 31 19 12 
20 
25 
9 
15 
23 
21 
16 
19 
-
15 22 
20 
26 
23 
17 
7 
Rain 
amount 
(in) 
0.05 0.05 0.05 0.05 0.05 0.04 
0.04 
0.04 
0.03 
0.02 
0.04 
0.03 
0.04 
0.03 
0.06 
0.06 
0.06 
0.05 
0.05 0.05 
0.04 
0.04 
0.05 
0.03 
0.04 
Rain 
rate 
(in/hr) 
1.5 1.5 1.5 1.5 0.2 0.1 
0.3 2.4 0.2 
0.1 
0.2 
0.2 
0.5 
0.2 
0.2 
0.7 
0.7 
0.1-
0.15 
0.15 
0.5 1.6 2.0 1.2 0.1-
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Table 6 (Continued) 
Time 
(CST) 
1553-59 
1559-1600 
1600-01 
1601-02½ 
1604-06 
1640-1710 
1555-
-1655 
1515-
-1540 
1445-55 
1455-1500, 
1509-16 
1530-1630 
1527-31 
1531-33 
1533-34 
1534-35 
1535-1600 
1600-1645 
1521-40 
1540-1605 
1605-15 
Beta 
(pc/1) 
4154 
3150 
1967 
2806 
5544 
6006 
3390 
4812 
8572 
3608 
2228 
1244 
4513 
12,179 
9092 
--
18,870 
10,162 
4813 
6034 
4506 
8615 
16,502 
4803 
Sr90 
(pc/1) 
79 
54 
47 
39 
73 
80 
47 
57 
41 
129 
108 
56 
40 
35 25 98 
180 
205 
574 
216 
98 
71 
172 
55 
245 
240 
120 
204 
Ce144 
(pc/1) 
Station 
1838 
940 
628 
649 
294 
Station 
2210 
964 
392 
1770 
Station 
2090 
1110 
802 
745 
522 
1787 
Station 
3590 
3180 
Station 
6535 
Station 
5715 3130 1974 1301 
1153 2230 
Station 
6865 2077 1092 
Ce 
L 
M 
N 
0 
Q 
R 
S 
1 4 4 / S r 9 0 
23 
17 
13 
16 
4 
28 
16 
10 
14 
19 
20 
20 
22 
21 
18 
20 
16 
11 
27 
32 
28 
8 
21 
9 
29 
17 
5 
Rain 
amount 
(in) 
0.08 
0.08 
0.08 
0.08 
0.08 
0.04 
0.10 
0.10 
0.10 
0.10 
0.10 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.02 
0.04 
0.04 
0.04 
0.04 
0.04 
0.03 
0.05 
0.03 
0.01 
Rain 
rate 
(in/hr) 
0.8 
4.8 
4.8 
3.2 
2.4 
0.1 
-
-
0.3 
0.2 
-
0.6 
1.2 
2.4 
2.4 
0.1 
0.04 
0.2 
0.1 
0.1 
44 
Table 6 (Continued) 
Time 
(CST) 
1520-22 
1522-24 
1524-26 
1526-28 
Beta 
(pc/1) 
7864 
2396 
2864 
3778 
Sr90 
(pc/1) 
134 
27 
36 
49 
Ce144 
(pc/1) Ce 
Station T 
3060 
680 
860 
955 
144/Sr90 
23 
25 
24 
20 
Rain 
amount 
(in) 
0.05 
0.05 
0.05 
0.05 
Rain 
rate 
(in/hr) 
1.5 
1.5 
1.5 
1.5 
Relation between Rainfall, Rainout, and Ce1144/Sr90 
Figure 17 shows logarithmic plots of storm rainfall against 
average Sr90, Ce144, and gross beta concentrations in the storm of 
June 10. Data have been plotted for the major sampling network 
in east-central Illinois (figure 13) and for the Little Egypt 
Network (figure 10) in southern Illinois, Also, a regression line 
through the data appears on these graphs. Figure 17 shows also 
the average ratio of Cel44/Sr90 at the network stations, but a 
regression line has not been added because no significant trend 
is indicated by the plotted points. 
Further analyses were made to determine whether the position 
of stations with reference to the regression lines in figure 17 
could be explained from radar observations of cloud top heights in 
the rain-producing echoes at each station, the location of each 
station with respect to the center of the convective cell produc-
ing the surface rainfall, and the stage of development of the rain 
echoes. Also, the relative importance of evaporation effects in 
determination of station locations in figure 17 was investigated, 
and the relationship of rainfall intensity to station positions 
was examined. 
The above analyses were not performed on data from the Little 
Egypt Network because the radar observations were not suitable for 
this purpose at a range of 150 miles from the radar sets. 
In figure 17, the greatest departures from the regression lines 
for east-central Illinois stations are found with stations K and T; 
K has a very high concentration with respect to rainfall volume and 
T has a very low concentration for the given rainfall amount. Both 
stations received their rainfall from a newly developed squall line, 
referred to as the second squall line in previous discussions. 
Thus, both stations were in the same convective system. In fact, 
both stations received their rainfall from the same multicellular 
thunderstorm, but from separate convective cells. Most of the rain 
fell at moderate to heavy intensities at both stations. 
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Figure 17. RELATION BETWEEN STORM RAINFALL AND RADIOACTIVE RAINOUT IN STORM 
OF JUNE 10,1963 
TPS-10 data indicated that the clouds where the surface rain-
fall was generated did not reach the tropopause prior to arrival 
at the two stations, so that apparently the concentrations were 
not influenced by stratospheric penetrations of the parent cloud. 
The relatively high concentration at station K may have resulted 
from interception of a stratospheric extrusion in the troposphere 
through the process described by Danielsen (1964) or from evapo-
ration of falling raindrops. 
In the earlier discussion of rainout concentrations at K, it 
was pointed out that the evaporation effect may have been consid-
erable at this station, since radar echoes were located over the 
station for several minutes before measurable rainfall was recorded 
in the surface raingage, and the thunderstorm appeared to be in a 
mature stage of development at that time. The relatively low con-
centration at station T was associated with relatively high rain-
fall rates from a cloud mass of restricted vertical development in 
the developing stage, as pointed out in the earlier discussion of 
rainout at this station. Heavy rainfall rates occurred with the 
start of rainfall at T and when the radar indicated arrival of the 
convective cell at the station; therefore, evaporation of falling 
raindrops should have been a minor factor at T. 
Indirect evidence on the effect of evaporation of falling 
raindrops was obtained by comparison of the rainout concentra-
tions at stations R, J, and K with those at stations E, T, and L. 
At R, J, and K, the CPS-9 indicated echo over the stations 
for 10 to 15 minutes before measurable rainfall was recorded at 
the surface, and it appears likely that evaporation of falling 
drops was associated with the delay in measurable rain at these 
stations. At E, T, and L, heavy rainfall rates began at the ar-
rival of the CPS-9 echo, so that the evaporation effect should 
have been minor. In figure 17, R, J, and K are above the regres-
sion lines in all cases, and R and K are farther above the regres-
sion lines than are any other stations. T and L are considerably 
below the regression lines, but E is on or above the lines. How-
ever, station E was near the edge of a convective cell, whereas 
echo centers passed through or near T and L. 
Eliminating station E, the above comparisons indicate a trend 
for relatively high concentrations at stations which appear to 
have been subject to relatively strong evaporation effects. Con-
versely, relatively low concentrations were found at stations sub-
ject to relatively small evaporation of falling raindrops. 
Comparisons of station concentrations with respect to height 
of cloud tops, stage of thunderstorm development, and location of 
station with respect to convective cell centers proved inconclusive 
in the storm of June 10. The majority of the station rainfalls 
were associated with cells having similar depth in a mature stage 
of development, and with the stations located near the center of 
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convective cells. As a result, insufficient data were available 
in the other groups to provide reliable comparisons. 
The graph of Ce144/Sr90 in figure 17 shows no significant 
trend between the two squall lines during the afternoon of June 10. 
Stations in the second squall line (E, K, L, M, N, R, T) show a 
slight trend for a decrease in ratio with an increase in rainfall 
volume. The stations are so closely grouped with respect to storm 
rainfall in the first squall line (F, G, J, O, S) that identifica-
tion of a trend is not feasible. This is also the problem with 
the Little Egypt ratios. 
Distribution of Cloud Tops 
As indicated earlier, 183 convective cells were identified 
and tracked by radar in the storm of June 10. From these data, 
the time distribution of radar-indicated cloud tops shown in 
figure 18 was determined. This figure shows the median and maxi-
mum tops within the sampling network of 6000 square miles. The 
tropopause level is indicated in figure 18 also. 
Figure 18 shows that 50 percent or more of the radar-indicated 
cloud tops were below the tropopause level throughout the storm. 
However, the distribution of maximum tops shows that the strato-
spheric level was penetrated occasionally with tops reaching 
50,000 feet, or 9000 feet above the tropopause. Thus, radioactive 
particulates from the stratospheric reservoir may have been brought 
down into the troposphere at scattered locations in the network 
during the storm through contact with convective clouds. However, 
analyses of convective cell movements indicated that the convective 
cells with tops above the tropopause did not pass over the sampling 
stations, or if they did, the passage occurred too quickly after 
the tropopause penetration for the effects to be apparent in the 
rainwater collected at the surface station over which these clouds 
passed. 
The rapid rate at which the median cloud tops varied is of 
interest. For example, figure 18 shows a variation from 39,000 
to 26,000 feet from 1340 to 1354 CST, after which the median top 
increased again to 37,000 feet by 1408 CST. The median top then 
lowered again to 26,000 feet by 1415, but increased to 38,000 feet 
by 1435. Rapid changes such as these contribute to the difficul-
ties involved in evaluation of the rainout processes in convective 
storms. 
Summary and Conclusions 
In general, an inverse relationship was indicated between the 
concentration of radioactivity in the rainwater and storm rainfall 
on the sampling network. The strength of this relationship is 
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Figure 18 RADAR-INDICATED CLOUD TOPS IN RAINWATER SAMPLING 
NETWORK ON JUNE 10, 1963 
indicated by the correlation coefficient of -0.82 between storm 
rainfall and beta concentration. 
Average ratios of Ce144/Sr90 for the total storm period 
were lowest in the region of maximum concentration of radioactive 
rainout, which was also the area in which the storm rainfall was 
smallest. Light steady rain from the middle deck of clouds in 
the rear of the squall zone produced the rainfall in this area in 
which the oldest radioactive debris in the storm was found. The 
high concentration and relatively old debris indicate the strong 
possibility of a stratospheric extrusion in the rear of the con-
vective system. 
The average ratio of Ce144/Sr90 varied from 10 to 27 in an 
area of 100 square miles in southern Illinois and from 11 to 23 
within an area of 3000 square miles in east-central Illinois. 
These relatively large variations within short distances indicate 
that the radioactivity in convective storms may be supplied from 
different sources, or combinations of sources, between separate 
thunderstorms and/or convective cells within thunderstorms in the 
same storm system. Variations in low-level entrainment of sur-
face particulates between separate cells and storms may contribute 
to the spatial variability also (Huff 1965). 
No significant trend was found for the ratio of Ce144/Sr90 
to change appreciably between the two squall lines which produced 
the network rainfall. The variability in average rainout concen-
tration was considerably greater between network sampling stations 
in the second squall line than in the first line; otherwise, no 
outstanding differences in rainfall-rainout relations were found 
between the two lines. 
Type A profiles of radioactive rainout concentration were 
found at most network stations in the storm of June 10. There-
fore, the typical rainout pattern with the pre-frontal squall 
zone consisted of a relatively high concentration at the forward 
edge of the convective system followed by a rapid decrease to a 
minimum shortly after rainfall intensity reached a peak. Then an 
increase in concentration to a secondary peak occurred in the 
light, steady rain from the middle cloud deck in the rear of the 
convective system. The ratios of Ce144/Sr90 from the time sampler 
observations indicated a general increase in the age of radioactive 
debris in the rainwater from the forward to the rear portion of the 
convective system. 
Indirect evidence was found that the rainout concentrations 
at some stations were affected appreciably by the presence or 
absence of conditions favorable to evaporation of falling rain-
drops. The effects of development stage of convective cells, 
cloud depth, and station location with respect to the center of 
the rain-producing cells could not be evaluated accurately in 
this storm. 
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STORM OF JUNE 13, 1963 
Synoptic Weather 
Figure 19 shows the surface map at 1500 CST on June 13. At 
that time, a warm front was oriented NNW-SSE through east-central 
Illinois and across the eastern part of the rainwater sampling 
network. The warm front was part of a slowly occluding cyclone 
centered in eastern Wisconsin. A weak low center was located in 
eastern Missouri and southwestern Illinois during the afternoon 
rainfall period, as indicated in figure 19. A shear line ex-
tended westward from this low center to central Kansas. Surface 
flow was weak throughout the day. 
At the 500-mb level (figure 20), northwesterly flow at 40 to 
45 knots existed over Illinois. A high was centered over the Gulf 
of Mexico and a cut-off low was centered in southern California, 
A jet stream was indicated at the 200-mb level approximately 100 
miles south of the center of the sampling network during the rain-
fall period. The tropopause was near 44,000 feet. 
Storm Rainfall 
Total storm rainfall on the sampling network is shown in 
figure 21. The rainfall at stations C and D was associated with 
the warm front passage in early afternoon. The rainfall at the 
other stations occurred during middle to late afternoon in the 
warm sector of the cyclone, and these were classified as air mass 
thunderstorms. Amounts ranged from 0.0 to 1.5 inches with the 
heaviest amounts in the southeastern part of the network in the 
vicinity of stations L and M (figure 21). 
Comparison of Radar, Raingage, and Radioactivity Observations 
Radar observations were made with the CPS-9 and TPS-10 sets 
during the afternoon thunderstorms. The distribution of cloud 
tops in the warm-sector thunderstorms, as indicated by the TPS-10, 
is shown in figure 22. The time distribution of the median and 
maximum values of cloud tops has been shown, along with the posi-
tion of the tropopause. Figure 22 shows rapid variations in cloud 
tops within short time intervals, similar to those in the storm of 
June 10 discussed previously. The highest cloud tops on the net-
work on June 13 occasionally reached considerably above the tropo-
pause level of 44,000 feet, but the median values never reached 
above 41,000 feet. 
The PPI presentation of the CPS-9 at 1557 CST is shown in 
figure 23, along with the warm front position at that time, to 
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Figure 19. SURFACE MAP FOR 1500 CST ON JUNE 13, 1963 
Figure 20. 500-Mb MAP FOR 1800 CST ON JUNE 13, 1963 
> 
Figure 21. STORM RAINFALL ON JUNE 13, 1963 
Figure 22. RADAR-INDICATED CLOUD TOPS IN RAINWATER SAMPLING 
NETWORK ON JUNE 13, 1963 
Figure 23 CPS-9 ECHOES AT 1557 CST ON JUNE 13, 1963 
illustrate the location, number, and distribution of thunderstorms 
in the warm sector during the period of peak activity during the 
afternoon. The individual thunderstorms were moving from the 
northwest at 26 to 28 knots. Figure 23 shows 20 echoes in the 
network at 1557, and figure 22 indicates the median cloud top at 
approximately 27,000 feet and the maximum cloud top near 53,000 
feet at that time. The maximum top was in the large echo in the 
vicinity of stations J, Q, and S in figure 23. This echo had the 
longest duration of any echo detected on the sampling network. 
It was detected first as a small echo between stations H and I 
about 1445. It moved southeastward, reached station J at 1530, 
and was between station K and N at 1615-1630, after which pre-
cipitation attenuation prevented further tracking. A total of 
134 echoes were identified and tracked in the network during the 
afternoon thundershower period from 1230 to 1730. 
The network patterns of the average concentration of Sr90, 
Ce144, and gross beta are shown in figure 24 for the total storm 
period. In general features the three distribution patterns are 
similar. The highest concentrations occur in three locations, in 
the eastern part of the East-Central Illinois Raingage Network 
(inner area, figure 24), near station J, and in the vicinity of 
station C. The primary low region is in the southeastern part 
of the 6000 square mile network, in the vicinity of stations L 
and M. In general, an inverse relationship is indicated between 
rainout concentration and storm rainfall in figures 21 and 24. 
A band of relatively heavy rainfall encompasses stations M, L, E, 
and D in figure 21, and relatively light rainout concentrations 
are located in this same area in figure 24. Similarly, very light 
rainfall is associated with the relatively heavy concentrations in 
the eastern part of the East-Central Illinois Raingage Network and 
at station J. 
In the following paragraphs, individual station analyses are 
discussed, and efforts made to explain the rainout patterns through 
use of radar, rainfall, and time sampler data. Unfortunately, a 
number of time samples were lost in a fire at the sub-contractor's 
laboratory while the analyses were in progress, and this loss 
limits the interpretation of the time sampler data at several 
stations. 
Stations C and D. The rainfall at both stations was associ-
ated with the same radar echo. This large echo was the strongest 
in a group of echoes moving southeastward near the warm front. The 
echo produced 0.30 inch at station C and 0.53 inch at station D. 
Rainfall rates were light to moderate at C in a single burst associ-
ated with a cell within a multicellular thunderstorm. From radar 
data, it appears that the same cell produced the rainfall at sta-
tion D, but rainfall rates were heavy during most of the rainfall. 
Maximum cloud tops were near 25,000 feet as the cell approached 
station C, but had developed to 40,000 to 45,000 feet by the time 
56 
Figure 24 RADIOACTIVE RAINOUT PATTERNS ON JUNE 13, 1963 
the storm reached station D, and the greater vertical development 
is reflected in the greater total rainfall and heavier rates at 
this station. The radar-indicated tops stayed far below the 
tropopause level of 44,000 feet in the echo as it approached and 
passed C, but reached near the tropopause as it reached D. 
The average concentrations of Sr90, Ce144, and beta were 
higher at station C than at station D (figure 24). Table 7 shows 
the ratio of rainfall at D to rainfall at C, and the ratios of 
average rainout concentration at C to those at D. If the vari-
ation in concentrations between C and D are attributable to volume 
differences in total rainfall (assuming an inverse relationship), 
then the rainfall ratios and concentration ratios in table 7 
should be similar. For Sr90 and beta, the ratios are close to the 
rainfall ratios, but the Ce144 ratio is too small to attribute the 
concentration change between C and D solely to rainfall volume 
differences. Except for the exceptionally high Sr90 concentration 
in the initial sample at C, the Sr90 ratio for C/D would have been 
much lower than the rainfall ratio also. 
These findings lead to the conclusion that the decrease in 
Sr90 concentration with the greater rainfall at station D was in-
sufficient to attribute solely to rainwater volume differences. 
In turn, this suggests that the convective cell producing the rain 
at stations C and D came in contact with a denser supply of radio-
active debris as it approached station D, or the collection effi-
ciency of the cell with respect to radioactive particulates in-
creased between the stations. As indicated earlier, the cell was 
developing in depth and intensity between the two stations. The 
effects of evaporation of falling raindrops should have been 
similar between the two stations, and is not considered a major 
contributor to the concentration differences. 
Table 7. Rainfall and Radioactivity Ratios 
between Station C and D on June 13, 1963 
Factors Ratio 
D-rainfall/C-rainfall 1.77 
C-Sr90/D-Sr90 1.77 
C-Ce144/D-Ce144 1.31 
C-beta/D-beta 1.86 
For the total storm period, the average ratio of Ce144 to Sr9 
was 14 at station C and 18 at station D. Although this difference 
is not unusually large, it indicates that the radioactive rainout 
at the two stations may not have had the same origin throughout 
the storm. 
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Comparison of the time sampler data at the two stations in 
table 8 shows an exceptionally large initial concentration of Sr90 
at station C; in fact, the value is over twice that found at any-
other network station on June 13. The Ce144 concentration in the 
first sample at C was relatively large, but not as large as at D. 
The ratios of Ce144/Sr90 in table 8 show that the first sample at 
C had a much smaller ratio than at D, which indicates an older 
source region for the radioactive rainout at C. Interception of 
a stratospheric extrusion in the troposphere may have caused the 
high initial Sr90 concentration at C, since radar observations 
indicate that the cell had not reached the tropopause level, or 
even close to it, at that time. The ratios of Ce144/Sr90 in 
table 8 show a general trend to decrease with time at station C 
and D, so that the radioactive rainout at the end of the storm, 
according to the ratios, originated from an older source region 
than the rainfall in the forward portions of the storm. This 
same trend was found in the storm of June 10 discussed earlier 
in this report, and at most stations on June 13. 
Station E. A total of 0.59 inch of rain fell at station E, 
but only the first 0.40 inch can be discussed because of sample 
losses in radiochemical analyses (table 8). Fortunately, the 
five analyzed samples represent the first of two bursts in the 
rainfall at this station. Relatively heavy intensities occurred 
during both bursts, as shown by the peak rates of 3 in/hr in 
table 8. 
The CPS-9 indicated that the echo which produced the first 
burst at station E developed near station P about 1520 CST and 
arrived at station E at 1550. By the time the echo reached E, 
tops in its center had reached 45,000 feet according to the TPS-10. 
Station E was at the southeastern edge of the echo when rain began. 
The center of the echo reached E between 1600 and 1605. The CPS-9 
indicated that the echo intensity center moved directly across the 
station. 
Table 8 shows a type E profile of Sr90 concentration and a 
type B profile of Ce144 concentration in the first burst. The 
ratio of Ce144/Sr90 showed a general decrease throughout the 
rainfall. The peak rainfall rate occurred during decreasing 
rainout concentrations. 
The thunderstorm at station E appeared to be in a mature 
stage. It had gained its maximum vertical development by the time 
it reached E, and dissipation began shortly after the echo center 
passed the station. The rainout at stations D and E was from 
mature convective cells with approximately the same vertical de-
velopment, whereas the rainout at station C was from a cell which 
had not reached the maximum development stage. The ratio of the 
rainfall at D to the rainfall at E was 1.33. The ratios of the 
Sr90 and Ce144 concentrations at E to those at D were 0.87 and 0.97, 
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respectively. These ratios indicate that the differences in the 
rainout from the mature cells at D and E cannot be explained 
solely by rainfall volume differences between the stations. The 
above concentration ratios suggest a richer source of radioactive 
particulates associated with the convective cell at D, or a 
greater collection efficiency at D. 
Station P. At this station, 0.34 inch of rain occurred be-
tween 1640 and 1700 CST. The rain was associated with a single-
burst thunderstorm in which relatively high rates of 2.7 in/hr 
were recorded during the period of heaviest rainfall (table 8). 
The initial sample was lost in the fire mentioned earlier. 
The CPS-9 and TPS-10 indicate the rain was associated with 
an elongated cell oriented NW-SE and moving southeastward. The 
center of this cell passed approximately one mile south of the 
station. Radar-indicated cloud tops prior to the passage of the 
cell center at F were 25,000 to 35,000 feet, considerably below 
the tropopause level of 44,000 feet. The cell was first detected 
at 1630 about 5 to 10 miles NW of station P. The cell moved south-
eastward at 40 mph and was still developing vertically as it passed 
P. The maximum vertical development of 40,000 feet was reached at 
1645-1655, after which dissipation occurred quite rapidly. 
With the loss of the first sample, the profile type is diffi-
cult to determine. The remainder of the data in table 8 suggests 
a Type A distribution. The ratio of Ce144/Sr90 showed a decrease 
in the latter portions of the thunderstorm, but a pronounced in-
crease occurred in the last sample which contained light rainfall 
from the rear edge of the storm. 
With respect to stage of development and height of cloud tops, 
the convective cell that produced the rainfall at station P was 
quite similar to the convective cell which passed station C earlier 
in the afternoon. Also, both cells produced nearly equal surface 
rainfall, 0.30 inch and 0.34 inch, respectively, at C and F. For 
comparison purposes, average concentrations of Sr90 and Ce144 were 
recalculated at station C after removing the first sample. This 
was done to make the data more comparable with station F where the 
first sample was lost. The averages were weighted according to the 
rainfall amount in each sample, and interpolation used at C for 
missing samples. After recalculation, the storm rainfall for sam-
ples 2-7 at C was 0.25 inch compared with 0.30 inch at F for sam-
ples 2-8. Average Sr90 concentration was 33 pc/1 at C compared 
with 31 pc/1 at F, and the average Ce144 concentration was 550 pc/1 
at C compared with 420 pc/1 at F. Since storm rainfall was a little 
heavier at F, the concentrations would be expected to be a little 
lower at this station than at C, if rainfall volume was a controlling 
factor in determination of the concentration differences at the two 
stations. Within the limits of sampling error, the above statistics 
show a close similarity between the rainout concentrations at sta-
tions C and F, as suggested by the convective cell characteristics 
revealed by the radar and rainfall data at the two stations. 
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Stations J and S. Stations J and S received rainfall from 
the same multicellular thunderstorm. This thunderstorm and the 
storm at stations C and D had the longest durations of any detected 
on the sampling network on June 13, The storm at J and S was first 
detected in the western part of the network between stations H and 
I at approximately 1445 CST, The echo developed horizontally and 
vertically as it moved southeastward at an average speed of 30 mph. 
The forward edge of the thunderstorm reached station J at 1525 
according to radar observations, but rain was not recorded at the 
surface raingage until 1530. Similarly, the echo reached station S 
about 1605 according to the CPS-9, but surface rainfall was not re-
corded until l6l4 when the station was near the echo center. 
A total of 0.06 inch was recorded at station J between 1530 
and 1555. Rainfall rates were relatively light, averaging 0.2 
in/hr in the first rainwater sample of 0.04 inch, and 0.1 in/hr 
in the second sample of 0.02 inch (table 8), According to the 
CPS-9, the center of the multicellular thunderstorm passed over 
station J, The TPS-10 indicated that tops in the convective cell 
which moved across J reached 40,000 to 45,000 feet as it approached 
and passed the station. Radar observations indicate the cell started 
dissipating about 1610, 15 minutes after rain stopped at J, The 
first sample was collected from the forward part to the center of 
the convective cell according to radar observations, and the second 
sample was collected in the rear portion of the cell. 
The average concentrations of Sr90 and Ce144 were relatively 
high at station J with respect to the entire network, but they 
ranked only third among the four stations (J, R, S, T) with storm 
rainfall less than 0.10 inch. The light surface rainfall associ-
ated with this large thunderstorm with deep vertical development 
indicates that the raindrops must have been held aloft to a large 
extent by strong updrafts. A decrease in maximum cloud tops from 
approximately 45,000 to 35,000 feet and then redevelopment to 
40,000 to 45,000 feet near the station was observed, and this 
occurrence offers support for the presence of strong updrafts at 
the time of passage. The relatively high rainout concentrations 
could be primarily the result of the small volume of rainfall, 
which if the strong updraft hypothesis is correct, must have oc-
curred in the form of relatively large raindrops at station J. 
Of course, the evaporation effect cannot be eliminated, but if the 
large raindrop suggestion is correct, evaporation would not be a 
large factor in determination of the concentration of radioactivity 
in the rainwater. With respect to the general trend on the network, 
the average ratio of Ce144/Sr90 was relatively high at J, indicating 
comparatively young radioactive debris in the rainwater. 
At station S, a total of 0.02 inch was recorded in the same 
thunderstorm that passed over station J„ The rainfall rate was 
light, averaging 0.2 in/hr in the single rainwater sample obtained. 
As at J, the ratio of Ce144/Sr90 was relatively high in comparison 
with average storm values on the network. 
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According to the CPS-9, the rainfall at station S occurred 
near the center of the multicellular thunderstorm in approximately 
the same location as the rainfall at station J. The radar echo 
was over S for approximately 9 minutes before rainfall was re-
corded at the surface. Whether this resulted from evaporation of 
raindrops below the cloud base or was the result of relatively 
small drops being held aloft by updrafts cannot be ascertained 
from available data. However, the concentrations of Sr90 and 
Ce144 were low with respect to the other three stations with 
total storm amounts less than 0.1 inch, and relatively high con-
centrations would have been favored if the 9-minute delay in sur-
face rainfall was due to evaporation of falling drops, especially 
if the sampler surface was wetted to any extent by the evaporating 
drops. 
The TPS-10 showed a pronounced decrease in vertical develop-
ment of the cell as it moved across station S. The radar-indicated 
cloud tops decreased from 40,000 feet when the echo was 6 miles 
NW of the station to 20,000 feet as the center arrived over the 
station. Thus, the convective cell was undergoing dissipation as 
it passed station S, and this probably accounts for the light rain-
fall. The light rainout concentrations in comparison with other 
stations with light rainfall may have been associated with the 
relatively small vertical extent of the dissipating cloud mass 
over the station. 
Station R. This station was one of the four with total 
rainfall of less than 0.10 inch. The total of 0.04 inch fell 
from 1652 to 1704 CST. The rainfall rate averaged 0.2 in/hr in 
the single sample obtained at the station (table 8). The CPS-9 
and TPS-10 indicated that station R was located in the western 
portion of a thunderstorm moving from the northwest. The thun-
derstorm was multicellular, and R was located in the western part 
of the most westerly convective cell. Radar-indicated cloud tops 
in the vicinity of R did not exceed 25,000 feet, although cell 
tops reached 40,000 feet in the thunderstorm cell 8 to 10 miles 
east of R. 
The Sr90 average concentration for total storm rainfall was 
the highest at R of any network station, and the Ce144 average 
concentration ranked second among network stations. The rela-
tively high rainout concentrations at R cannot be explained by 
stratospheric penetration. Light rainfall amount and/or evapora-
tion can provide only partial explanations. Station R had the 
highest average concentration of Sr90 and ranked second in average 
Ce144 concentration among four stations with rainfall amounts of 
0.02 to 0.06 inch. Evaporation of falling drops was no greater 
factor at R than at the other stations with light rainfall. 
A possible explanation is the location of station R near the 
periphery of the thunderstorm. As shown by Huff (1965), the most 
common type of rainout concentration profile at a station is Type A. 
This type shows a maximum at the forward edge of rain systems and 
a secondary maximum at the end of the rainfall. A strong trend 
was found through statistical analyses of 1963 and 1964 data for 
relatively high concentrations to occur on the periphery of storms, 
particularly the forward edge. Station R, in this case, remained 
on the periphery of a thunderstorm throughout the rain period. 
Also, strong support of the periphery relationship was found in 
the study of the squall line system of June 10, for which a large 
quantity of time sampler data was available. In that storm the 
concentration of radioactive rainout showed a definite tendency 
to increase on the rear edge of the convective cloud system. The 
tendency for a secondary maximum at the rear of convective systems 
may be associated with a tendency for stratospheric extrusions to 
occur in this region of convective systems. 
Station T. This station was also one of the four with very 
light rainfall on June 13. A total of 0.04 inch fell in an 11-
minute period from 1555 to 1606 CST. The average rate was 0.2 
in/hr, similar to the rate at the other stations with light rain-
fall (J, R, S), The average ratio of Ce144/Sr90 was 41, the 
highest for total storm rainfall on the network. In comparison 
with other stations, this indicates a relatively youthful source 
of radioactive debris in the rainfall. 
Along with station R, station T had the highest rainout 
concentrations on the network. Station T ranked second to R in 
Sr90 average concentration for the total storm and ranked first 
in Ce144 average concentration. The Ce 1 4 4 average concentration 
was even greater than found with any initial sample at other 
network stations, but higher values of Sr90 concentration were 
found in initial samples at several stations. 
Similar to station R, station T remained on the periphery 
of a multicellular thunderstorm throughout the rainfall at the 
station. Radar-indicated cloud tops did not exceed 20,000 feet 
in the vicinity of station T, and the nearest cell center had 
tops to approximately 30,000 feet, or 14,000 feet below the 
tropopause level. 
The most satisfactory explanation of the relatively high 
concentrations at T is the same as at station R| that is, loca-
tion of the station near the periphery of a thunderstorm through-
out the storm. In table 8, comparison can be made of initial con-
centrations at stations on the forward edge of heavier rainstorms 
(in which cell centers later moved across stations) with the total 
storm concentration at stations R and T which remained on the 
periphery of storms. These comparisons show initial concentra-
tions which approach or exceed the R-T total storm concentrations. 
For example, the initial Sr90 concentrations at stations C and D 
are greater than the total storm concentrations at R and T, and 
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station E has an initial concentration close to the R and T 
values. The initial Ce144 concentrations at stations C, D, E, 
and N closely approach or exceed the R-T values. These com-
parisons lend further support to the periphery location as an 
explanation for the high concentrations at stations R and T. 
Station N. A total of 0.12 inch of rain occurred at this 
station in a thunderstorm from 1721 to 1735 CST (figure 21). 
Operational difficulties with the recording raingage prevented 
calculation of rainfall rates in table 8. Average storm values 
of Sr90 concentration, Ce144 concentration, and Ce144/Sr90 were 
moderate with respect to the rest of the network. Three rain-
water samples were obtained. 
The CPS-9 indicated that the center of a large thunderstorm 
echo moved across station N from the NW, and that the region of 
greatest intensity within the echo also moved across the station. 
This echo developed at approximately 1630 between station J and 
0. It expanded horizontally and vertically as it moved south-
eastward at an average speed of 25 mph. Radar-indicated cloud 
tops reached a maximum of 43,000 feet in this multicellular thun-
derstorm early in its life, and were varying between 35,000 and 
40,000 feet as it reached station N. About the time the center 
of the echo and its major cell were over the station rapid dissi-
pation took place, and by the end of the rainfall period at 1735 
CST, the maximum tops had decreased to 20,000 feet. This initia-
tion of dissipation as the storm reached station N resulted in a 
relatively light total storm rainfall of 0.12 inch at the station. 
Table 8 shows a gradual decrease in Sr90 concentration, 
Ce144 concentration, and the ratio of Ce144/Sr90 from the first 
to last sample. The average rainout concentrations are close 
to those found at station S which was under the influence of a 
dissipating thunderstorm also. A Type B rainout profile is in-
dicated for both Sr90 and Ce144 concentrations; that is, de-
creasing concentration throughout the rainfall period. In this 
dissipating thunderstorm, therefore, no increase in concentration 
took place at the rear edge of the convective system. Insuffici-
ent data are available at present to determine whether Type B is 
characteristic of dissipating storms. 
Station L. The first sample was collected in a 5-minute 
hailstorm at 1515 to 1520 CST. This echo apparently developed 
in the ground clutter pattern near the station, so that radar data 
are not available. The rainout concentrations in the combination 
of rainwater and melted hailstones in the first sample (table 8) 
are relatively low in comparison with samples in light rainfall 
at the other network stations, such as R, S, and T. 
Samples 2-8 in table 8 were collected in the first part of 
a heavy rainstorm at station L. A total of 1.37 inches fell in 
this storm, and the samples for 1618 to 1624 represent the first 
0.62 inch in the storm. The two samples from L at 1728 to 1735 
occurred in a rainshower. Because of ground clutter, radar data 
provide little information on the storms at station L which is 
located at the radar station of the Meteorology Laboratory. 
The recording raingage data indicate a very intense, single-
burst thunderstorm at the station between 1618 and 1645 CST. 
Rainfall rates of 6 to 7 in/hr occurred during the most intense 
rainfall. The concentrations of Sr90 and Ce144 are relatively 
low, as expected in such heavy rainfall. The ratios of Ce144/Sr90 
indicate relatively old debris in the rainwater, in comparison 
with the general average on the network in this storm period. 
The exceptionally heavy rates suggest a very strong vertical de-
velopment of the thunderstorm, and the strong possibility that 
the cloud tops penetrated the stratosphere. 
The two samples collected in the rainshower at L from 1728 
to 1735 showed rainout concentrations and Ce144/Sr90 ratios of 
the same general magnitude as in the earlier heavy thunderstorm. 
Apparently both the heavy and light rainstorms were sampling the 
same source of radioactive debris. 
Station M. Three rainstorms occurred at station M, In 
the first, 0.24 inch fell from 1420 to 1525 CST at light to 
moderate rates, as shown in table 8. In the second storm from 
1535 to 1605, rates were much heavier than in the first storm. 
The third storm was not sampled. Samples lost in the fire, and 
overlapping of rainwater samples, restrict somewhat the inter-
pretation of the data at this station. Ground clutter also in-
terfered with the CPS-9 presentation in the vicinity of M, which 
is only 20 miles from the radar station. 
The rainfall from 1420 to 1525 occurred in conjunction with 
several convective cells in a large thunderstorm echo. In some 
cases M was at the center of a cell as it passed the station, 
and in other cases it was near the echo periphery. The heaviest 
rainout concentrations were at 1455 to 1505 (table 8), when the 
station was near the periphery of a cell that passed northeast 
of the station and had radar-indicated cloud tops of 40,000 feet. 
In the second storm period, 1535-1605 CST, there were no 
large changes in Sr90 concentration, and the highest Ce144 con-
centrations occurred in heavy rainfall between 1552 and 1601. 
At that time, the station was on the periphery of a large mul-
ticellular thunderstorm and was on the southeastern edge of a 
convective cell in which the TPS-10 indicated tops ranging from 
35,000 to 40,000 feet. Thus, tendency for enhancement of radio-
active rainout on the periphery of convective cells was again 
illustrated in both storms at station M. 
65 
Table 8. Radioactivity and Rainfall 
in Storm of June 13, 1963 
Time 
(CST) 
1245-57 
1257-1306 
1306-15 
1315-20 
1320-25 
1325-35 
1335-50 
1337-47 
1347-48 
1348-48-3/4 
1348-3/4-49-1/2 
1349-1/2-50-1/4 
1350-1/4-51 
1351-51-3/4 
1351-3/4-52-1/2 
1352-1/2-53-1/4 
1353-1/4-54 
1354-58 
1358-1403 
1550-1605 
1605-06 
1606-08 
1608-11 
1611-16 
1616-20 
1620-21 
1621-30 
1640-45 
1645-46 
1646-47 
1647-48 
1648-49 
1649-50 
1650-51 
1651-1700 
Sr90 
(pc/1) 
345 
44 
lost 
22 
lost 
34 
85 
160 
47 
49 40 
33 
36 
38 
29 
30 
39 
36 
47 
141 
40 
28 
23 
25 lost 
lost 
lost 
lost 
42 
40 
36 
26 
22 
21 
35 
Ce144 
(pc/1) Ce 
Station C 
4168 
1202 
lost 
418 
lost 
299 
120 
Station D 
4704 
-
1327 908 
825 
419 
542 
491 
472 
345 
335 
573 
Station E 
4153 
1023 405 
241 
165 
lost 
lost 
lost 
Station F 
lost 
607 
619 
529 
234 
205 
223 
952 
144 /Sr90 
12 
27 
19 
-
9 
1.4 
29 
27 
23 
25 12 
14 
17 
16 
9 
9 12 
29 26 
15 11 
7 
-
_ 
15 
15 
15 
9 
9 11 
27 
Rain 
amount 
(in) 
0.050 
0.040 
0.040 
0.055 
0.055 0.050 
0.010 
0.04 
0.05 
0.05 0.04 
0.04 
0.05 
0.05 
0.04 
0.05 
0.04 
0.05 
0.03 
0.05 
0.05 0.10 
0.10 
0.10 
0.10 
0.05 0.04 
0.040 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.030 
Rain 
rate 
(in/hr) 
0.3 
0.3 
0.3 
0.7 
0.7 
0.3 0.04 
0.2 
3.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
0.8 
0.05 
0.2 
3.0 
3.0 
2.0 
1.2 
1.5 3.0 
0.3 
0.5 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 0.2 
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Table 8 (continued) 
Time 
(CST) 
1530-45 
1545-55 
1515-20 
1618-18-1/2 
1618-1/2-19 
1619-19-1/2 
1619-1/2-20-1/2 
1620-1/2-21-1/2 
1621-1/2-23 
1623-24-1/2 
1728-30 
1730-35 
1420-55 
1455-1505 
1505-10 
1510-25 
1535-52 
1552-54 
1554-57 
1557-1601 
1601-05, 1618-22 
1721-
-1735 
1652-1704 
1614-21 
1555-1606 
S r 9 0 
(pc/1) 
103 
33 
49 
29 
33 
17 
17 
21 
lost 
19 
42 
34 
lost 
79 52 
35 
44 
33 
lost 
38 
30 
65 58 
40 
151 
64 
137 
Ce 1 4 4 
(pc/1) 
Station 
3591 
853 
Station 
1064 
827 
355 
303 
123 
84 
133 
319 
646 
173 
Station 
472 
2712 
938 
671 
291 
539 
lost 
618 
285 
Station 
3158 
1058 
666 
Station 
3398 
Station 
1505 
Station 
5656 
Ce 
J 
L 
M 
N 
R 
S 
T 
1 4 4/Sr 9 0 
35 
26 
22 
28 
11 
18 
7 
4 
-
16 
15 
5 
— 
35 
18 
19 
7 
17 
-
16 
10 
49 
18 
17 
23 
23 
41 
Rain 
amount 
(in) 
0.04 
0.02 
0.01 
0.05 
0.06 
0.05 
0.11 
0.11 
0.12 
0.12 
0.04 
0.04 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.12 
0.12 
0.12 
0.04 
0.04 
0.04 
0.04 
0.02 
0.04 
Rain 
rate 
(in/hr) 
0.2 
0.1 
0.1 
6.0 
7.2 
6.0 
6.6 
6.6 
4.8 
4.8 
1.2 
0.5 
0.1 
0.6 
0.7 
0.2 
0.2 
1.8 
2.4 
1.8 
0.9 
-
-
0.2 
0.2 
0.2 
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Relation between Rainfall, Rainout, and Ce144/Sr90 
Figure 25 shows a logarithmic plot of total storm rainfall 
against Sr90 concentration in the storm of June 13. Station lo-
cation has been indicated with each plotted point. Two lines 
have been drawn through the data, since the plotted points appear 
to cluster closely about two lines. The arrow from C to C1 shows the effect of omitting the very heavy initial concentration from 
the station C analyses. Graphical plots are also shown in fig-
ure 25 for storm rainfall versus Ce144 concentration and Ce144/Sr90. 
Analyses were made to determine if reasons could be found 
for the tendency for the plotted points to cluster about two 
lines in figure 25. Consideration was given to such factors as 
stage of development of the convective cells producing the rain-
fall, location of stations with respect to the center of rain-
producing convective cells, depth of radar echo, and evaporation 
of falling raindrops. 
Two stations, N and S, received rainfall from rapidly dissi-
pating convective cells. In the Sr90 graph, N is on the lower 
line and S well below it. However, in the Ce144 plot, one sta-
tion is on the upper and one on the lower line. This is also the 
situation on the graph for Ce144/Sr90. Stations C and P received 
rainfall from developing storms, but only on the ratio graph do 
they cluster closely about the same line. The storm at station J, 
which was undergoing redevelopment, is found on the lower line of 
the Sr90 graph but on the upper line in the other two graphs. 
The rainfall at stations D, E, R, T, and M appeared to be associ-
ated with mature convective cells, and these stations cluster 
about the upper lines in the three graphs, for the most part. 
The upper lines on the rainout concentration graphs are based 
upon those stations that had a greater concentration of radio-
active particulates for a given volume of rainfall than that of 
stations defining the lower lines. In the storm of June 13, 
therefore, there appears to have been a tendency for the mature 
cells to have greater radioactivity. Mature cells also tended to 
contain radioactive debris of a more youthful age, according to 
the graph of Ce144/Sr90 which shows higher ratios for the mature 
cells for a given volume of rainfall, 
Next, the effect of location of the station with respect to 
the rain-producing convective cell was investigated. Stations C, 
D, R, T, and M received their rainfall while located near the 
periphery of convective cells. The center of convective cells 
passed over stations E, J, S, and N. Station F was close to a 
cell center. Figure 25 indicates that the stations near cell 
peripheries clustered about the upper lines, except for T on the 
Sr90 graph. The cell-center stations (E, J, S, N, F) tended to 
cluster about the lower Sr90 line, but were inconsistent in loca-
tion about the Ce 1 4 4 line. No relationship between station location 
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Figure 25 RELATION BETWEEN STORM RAINFALL 
AND RADIOACTIVE RAINOUT IN STORM OF JUNE 13, 1963 
and Ce144/Sr90 is indicated in figure 25, since both cell-center 
and periphery stations are divided in the same proportion between 
the two lines. Thus, the analyses of station location revealed a 
tendency for radioactive rainout to be heaviest from the periphery 
of convective cells. Unfortunately, four of the five cases of 
periphery rainfall came from mature cells, so it is not possible 
to evaluate the relative importance of each in producing higher 
concentrations per unit volume of rainwater in the storm of 
June 13. 
Examination of the rain-producing cells which reached close 
to or above the tropopause as they approached a station revealed 
no strong tendency to cluster with respect to the upper and lower 
lines of the rainout concentration graphs. Similarly, those sta-
tions with light rainfall, and at which the radar echo arrived 
several minutes before rainfall, were examined for clustering 
since evaporation of falling raindrops would be expected to be 
greatest at these stations. Stations R, S, and J qualified under 
this definition. On the Sr90 graph, two of the three stations 
are on the lower line, but on the Ce144 graph two of the stations 
are on the upper line. Thus, no strong trend was established by 
the three stations. 
As indicated in the discussion of individual station data, 
a trend was found for Ce144/Sr90 to be appreciably higher at the 
start of rainfall than at the end of storms, similar to the 
findings in the storm of June 10. The trend is illustrated in 
table 9, in which initial and final ratios are shown for stations 
at which three or more time samples were collected. The medians 
of 29 and 11 in table 9 compare favorably with the medians of 
23 and 9 in the storm of June 10 (table 5). 
Table 9. First and Last Ratios of Ce144/Sr90 
in Storm of June 13, 1963 
Station First Last 
C 12 1+ 
D 29 12 
E 29 
F 27 
L 22 5 
M 10 
N 49 17 
Median 29 11 
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Summary and Conclusions 
In general, an inverse relationship was indicated between 
the concentration of radioactive rainout and storm rainfall on 
the network. 
Mature convective cells showed a tendency to have greater 
concentrations of radioactivity than developing or dissipating 
cells. Mature cells also tended to contain radioactive debris 
of a more youthful age than the other types. 
A trend was found for radioactive rainout to be greater on 
the periphery of convectlve cells than In the center of such 
cells. However, most cases of periphery rainfall came from 
mature cells, so that it was not possible to evaluate the rela-
tive importance of cell developmental stage and cell location in 
determination of rainout concentrations and ratios of Ce144/Sr90. 
No distinct trend was found for the rainout concentration 
to be greater with convectlve cells that reached or penetrated 
the tropopause than with cells whose tops remained well below 
the tropopause as they approached and passed a sampling station. 
No evidence was found that evaporation of falling raindrops 
was a strong influence on the rainout concentrations in this 
storm. 
Time sampler data showed a general trend for the ratio of 
Ce144/Sr90 to be smaller In the rear portions of the thunder-
storms than in the forward portions, similar to the findings in 
the storm of June 10. This indicates radioactive debris from an 
older source in the rear portions of the storms. 
STORM OF JUNE 19, 1963 
Synoptic Weather 
The network rainfall on June 19 was associated with the 
passage of a squall line during late afternoon and early evening. 
This line moved slowly southeastward through the network at ap-
proximately 10 to 12 knots. However, individual showers and 
thunderstorms within the line moved from the west at 20 to 22 
knots. The network storm was part of an extensive convectlve 
system. At 1500 CST, the U. S. Weather Bureau radar reports 
showed a squall line extending from southwestern Michigan south-
westward through northeastern and western Illinois to northern 
Missouri, and then south-southwestward into northeastern Oklahoma. 
The surface weather map at 1800 (figure 26) Indicated a cold front 
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extending southwestward from a low center In southern Lake Superior 
to southwestern Wisconsin, then westward across southern Minnesota. 
The 500-mb map (figure 27) indicated that Illinois was lying in a 
broad trough. The tropopause was near 38,000 feet over central 
Illinois during the storm. The jet stream was ill-defined, but 
a wind maximum was located In the vicinity of the rainwater sam-
pling network near the 200-mb level. 
Storm Rainfall 
An isohyetal pattern of total storm rainfall Is shown in 
figure 28 for the East-Central Illinois Raingage Network of 400 
square miles in which most of the rainwater samples were col-
lected during the storm. Amounts ranged from zero in the north-
western part of the network to 0.4-0.5 inch in the central and 
southern parts. In the large network of 6000 square miles sur-
rounding the smaller network, amounts up to one inch were recorded. 
Rainfall rates ranged from light to heavy in the rainshowers and 
thunderstorms. 
Comparison of Radar, Raingage, and Radioactivity Observations 
The distribution of cloud tops in the storm of June 19, as 
indicated by the TPS-10, is shown in figure 29. The time distri-
bution of the average distribution of cloud tops in the sampling 
network of 6000 square miles showed less variability than in the 
storms of June 10 and June 13, discussed earlier. The average 
top ranged from 15,000 to 26,000 feet, with the lowest values 
recorded at 1610 to 1640 CST and the highest values from 1800 to 
1845 as the rain-producing squall line reached the southeastern 
part of the sampling network. The maximum cloud tops ranged from 
22,000 to 44,000 feet, with the highest recorded near 1600 CST. 
According to the TPS-10, the maximum cloud tops penetrated the 
tropopause level for only a short time at approximately 1545-1600. 
The general movement of the rain-producing squall line on 
June 19 Is illustrated in figure 30, in which the CPS-9 presen-
tation on the network is shown at three times, 1520, 1720, and 
1915. The regions of heavier intensity have been indicated by 
shading in this figure. As stated earlier, the squall line moved 
from the northwest at 10 to 12 knots with Individual line elements 
moving from the west at 20 to 22 knots. 
The patterns of the average concentration of Sr90 and Ce144 
are shown in figure 28, which also depicts the areal distribution 
of the average ratio of Ce144/Sr90 and the storm rainfall pattern. 
Comparisons of the patterns of average concentration with the 
storm rainfall pattern indicates an inconsistent relationship. 
For example, In the northern part of the network a low region in 
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Figure 26. SURFACE MAP FOR 1800 CST ON JUNE 19, 1963 
Figure 27. 500-Mb MAP FOR 1800 CST ON JUNE 19,1963 
Figure 28. RADIOACTIVE RAINOUT AND RAINFALL PATTERNS IN EAST 
CENTRAL ILLINOIS NETWORK ON JUNE 19, 1963 
Figure 29 RADAR-INDICATED CLOUD TOPS IN RAINWATER SAMPLING NETWORK ON 
JUNE 19, 1963 
Figure 30. CPS 9 ECHO PATTERNS ON JUNE 19, 1963 
the concentration patterns is associated with a region of rela-
tively light rainfall, whereas low concentrations in the south-
western part of the network are located near relatively heavy 
rainfall. Across the central part of the network, both the 
concentration and rainfall patterns show relatively high values. 
Thus, over a major part of the network, a direct relationship 
was indicated between nuclide concentration and rainfall, but an 
inverse relationship was found in parts of the network also. 
This inconsistency with respect to direct and inverse relation-
ships within relatively small areas was discussed in considerable 
detail in the Third Progress Report (Huff, 1965). 
The pattern of Ce144/Sr90 in figure 28 shows values ranging 
from less than 10 to over 20 within the network of 400 square 
miles. The highest ratios (youngest debris) were found in the 
northeastern and southeastern parts of the network, and the 
smallest ratios (oldest debris) occurred in the northern and 
western parts of the network. No strong correlation with the 
rainfall pattern was indicated. 
In the following paragraphs, individual station analyses 
are examined to determine whether variations in the radioactive 
rainout in the sampling network are associated with storm char-
acteristics revealed by radar observations and recording rain-
gage data. As in the storm of June 13, loss of several samples 
in the laboratory fire hampered the analyses somewhat. In addi-
tion to stations in the network of 400 square miles, rainwater 
samples were obtained with the time samplers at stations E, G, L, 
M, N, and 0 in the larger network, and these data will be dis-
cussed also. Discussion is in order of storm occurrence on the 
sampling network. 
Station 6. Among those stations at which samples were ob-
tained on June 19, this station was the first to receive rainfall. 
Station G received 0.02 inch (part of first sample) when it was 
located on the northern edge of a weak convective cell from 1615 
to 1625 CST. The major rain period was from l654 to 1750 when 
the station received 0.24 inch in a single-burst storm that pro-
duced rainfall rates up to 5.4 in/hr during sample collections 
(table 10). During this storm, station G was located in the 
northern half of a large echo, according to CPS-9 and TPS-10 
observations. This echo developed a few miles southwest of G, 
moved eastward with its center 3 to 4 miles south of G, and ex-
panded greatly in areal extent in a W-E direction during its 
traverse past G. The heaviest rates (table 10) occurred when G 
was on the northeastern edge of a convective cell at the start 
of rainfall, and approximately 10 minutes after this cell was 
first detected by the CPS-9. Radar-indicated cloud tops did not 
exceed 20,000 feet in the vicinity of station G during the storm. 
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The average concentrations of Sr90 and Ce144 in the 0.29-inch 
rainfall at G were 58 and 693 pc/1, respectively. These concen-
trations are relatively low, as indicated by the network patterns 
in figure 28. Station G showed Type D distributions for the con-
centrations of Sr90 and Ce144. The secondary concentration peak 
occurred as a relatively large and weak echo mass, west of the 
cell that produced the station's heavy rain rates, reached G. 
Cloud tops were low in this echo mass, which was more stratiform 
than cellular in structure. A large decrease in nuclide concen-
tration occurred in light rain in the rear of the squall line 
from 1705 to 1750 (table 10). This is the opposite of the con-
dition found in the squall zone of June 10 where nuclide concen-
trations increased significantly in the light rain in the rear 
of the convective system. 
Station 0. The total rainfall of 0.90 inch at station 0 
was the heaviest among the sampling stations. The 11 samples 
obtained in the first 0.53 inch of rain in this storm were 
analyzed (table 10). The storm started at 1645 CST with rain-
fall intensity increasing to relatively heavy values at 1652-
1655, followed by a significant decrease and then a second in-
tensity burst peaking at 3.0 in/hr in the 11th sample. The 
nuclide concentrations showed a maximum at the start of the 
rainstorm. A relatively large decrease in Ce 1 4 4 concentration 
was associated with the second rainfall intensity peak (11th 
sample), but the Sr90 concentration remained constant at that 
time. 
The TPS-10 indicated an echo aloft over the station for 
approximately 15 minutes before measurable rain was recorded at 
the surface. During the first rain burst from 1645 to 1704, the 
station was traversed by a mature convective cell within a multi-
cellular thunderstorm, and the station was located just south of 
the cell center. Radar-indicated cloud tops were approximately 
35,000 feet in the cell center. A total of 0.39 inch of rain 
fell in this burst. Except for minor fluctuations, the nuclide 
concentrations showed a Type A distribution with the concentra-
tion minima lagging the rainfall intensity maximum by several 
minutes. The average concentrations of Sr90 and Ce144 in this 
burst were 95 and 1780 pc/1, respectively. These are relatively 
high in comparison with the network patterns of figure 28. 
Attenuation from intervening echoes prevented detailed radar 
analyses of the second rain burst at station 0. 
East-Central Illinois Network. The first time sampler in 
the East Central Illinois Network to record measurable rainfall 
was station S in the southwestern part of the network (figure 28), 
where measurable rainfall started at 1739 CST. Radar analyses 
indicated that the rain-producing echo at station S formed 12 to 
14 miles west of the station at about 1650. Another echo developed 
north of station S in the west-central part of this network at about 
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1700. These two echoes developed in areal extent as they moved 
eastward, and merged at approximately 1735 to form an elongated, 
multicellular echo extending from the north-central to the south-
western border of the network. Most of the rain on the 400 square 
mile network was associated with the two merging echoes, hereafter 
referred to as the northern and southern echoes. 
At time sampler S, rain occurred from 1739 to 1940 (table 10). 
with light to moderate rates. The heaviest sample rate (0.6 in/hr) 
occurred when the station was beneath the center of the southern 
echo and near the center of a convective cell in this echo. Radar-
indicated tops in the cell center were 35,000 feet. 
At station S, Sr90 concentration showed a Type A distribution 
with the minimum at the time of the maximum rainfall rate beneath 
the cell center. Ce144 concentration, however, had a Type B dis-
tribution, so that no minimum was associated with the rainfall 
rate maximum. With both isotopes, a very large decrease in con-
centration occurred from the first to second rainwater samples. 
The radar sets indicated echoes over the station for 10 to 15 
minutes before measurable rain was recorded at the surface. This 
suggests that the high initial concentrations may have been related 
to evaporation effects, both evaporation of falling raindrops and 
precipitation of particulates on the sampler surface from traces 
of rainfall before 1739. 
The ratio of Ce144/Sr90 at station S indicates a relatively 
large decrease in the ratio in the third and fourth samples in 
comparison with the first two samples (table 10). This indicates 
older radioactive debris in the rear of the squall line, particu-
larly in the light rainfall in the last sample in which the ratio 
was 2, compared with 24 in the forward portion of the convective 
system. Network patterns in figure 28 indicate relatively light 
concentrations of Sr90 and Ce144 when averaged for the total 
storm period. 
The heaviest rainfall at station 11 (total storm sampler) 
occurred when a convective cell in the northern echo crossed the 
station. The center of the cell appeared to pass over the sta-
tion. At station 23 rain occurred mostly in conjunction with a 
cell in the northern part of the southern echo. The differences 
in nuclide concentrations (figure 28) could be due largely to the 
differences in rainfall volume between the two stations. Sta-
tion 11 had 0.44 inch compared with 0.20 inch at station 23 which 
had the heavier concentrations. The rain at station 25 occurred 
primarily with a convective cell in the southern portion of the 
northern echo. At station 39, the rain occurred with the passage 
of the southern echo that had merged with the northern echo by 
that time. 
At time sampler K, rain occurred from 1750 to 1920, with 
0.20 inch of the 0.24-inch total occurring in the first 22 minutes. 
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The heaviest sample rate, 1.8 in/hr, occurred when the center of 
a convective cell passed 1 to 2 miles north of the station. Ac-
cording to the CPS-9, the leading edge of the echo arrived at K 
about the same time that measurable rainfall was recorded in the 
raingage. A relatively large decrease in the ratio of Ce144/Sr90 
occurred in the rear of the squall line as it passed over this 
station, similar to the occurrence at station S. Radar-indicated 
cloud tops were 25,000 to 30,000 feet in the center of the cell 
that passed near station K; therefore, the tops remained consid-
erably below the tropopause level of 38,000 feet. The concentra-
tion patterns of figure 28 indicate that relatively high concen-
trations occurred at K with respect to other stations in the storm. 
A total of 0.19 inch of rain fell at station R from 1753 to 
1915 in conjunction with the passage of the northern echo mass. 
Rain rates were light to moderate during the storm. A Type A 
distribution was indicated for Sr90 concentration and Type B for 
Ce144. The major difference in the rainout profiles of the two 
isotopes resulted from an increase in Sr90 concentration in the 
light rain in the rear of the convective system, whereas the 
Ce144 concentration continued to decrease throughout the storm. 
The ratio of Ce144/Sr90 decreased considerably in the rear of the 
squall line, the same trend as observed at stations S and K in 
the same echo mass. The CPS-9 indicated arrival of the forward 
edge of the rain-producing echo at the same time that measurable 
rain was recorded at the surface. The center of a convective 
cell in the northern echo passed near station R, and the heaviest 
rainfall rate occurred in conjunction with the passage of the 
cell center. Both isotopes showed decreasing concentrations with 
the cell center passage. Radar-indicated cloud tops were at 
25,000 to 30,000 feet as the cell approached and passed R. Fig-
ure 28 indicates that the average concentration of Sr90 was rela-
tively light, whereas the Ce144 was moderate in comparison with 
other network values. As a result, the average ratio of Ce144/Sr90 
was relatively high at R, and suggests the presence of relatively 
young debris in the rainout at that station. 
Only one rainwater sample was obtained at time sampler T in 
the light rainfall of 0.03 inch from 1815 to 1930. Station T was 
located near the southern edge of a dissipating cell, with tops 
at 20,000 to 25,000 feet, early in the rainfall period; after-
wards, light rainfall continued from the middle cloud deck in 
the rear of the squall line. Rain started with the arrival of 
the CPS-9 echo at the station. The Sr80 concentration was mod-
erate and the Ce144 concentration relatively high, in comparison 
with the network patterns in figure 28. 
Station E. The squall line reached station E in the eastern 
portion of the large network at 1845 CST and produced storm rain-
fall of 0.10 inch from that time until 1945. As shown in table 10, 
the ratio of Ce144/Sr90 decreased greatly in the latter portion of 
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the rain period, an occurrence similar to that at several other 
stations discussed previously. Attenuation from intervening 
rainfall prevented detailed radar analysis of the storm char-
acteristics at station E. From the recording raingage trace 
and radar observations of the squall line as it approached 
station E, it appears that light steady rain occurred at the 
station throughout the storm in association with a dissipating 
region in the convective system. 
Station N. The first sample, which contained rainfall 
from two light showers and from the start of the major storm 
at 1857 GST, was lost in the laboratory fire. Samples 2-5 con-
tained 0.26 inch of the 0.31-inch rainfall in the major storm. 
Again, table 10 shows a relatively large decrease in the 
ratio of Ce144/Sr90 in the rear portion of the convective sys-
tem. The rainfall rate reached a maximum from 1858 to 1859, at 
which time the isotope concentrations were decreasing. Precipi-
tation attenuation again interfered somewhat with the radar 
analysis. From the data available, it appears that station N 
was located just north of the center of a convective cell when 
the heaviest rainfall rate occurred, and this cell was appar-
ently of moderate height in the range from 20,000 to 30,000 feet. 
Stations L and M. Rain began at station L at 1920 GST and 
at station M at 1930. A total of 0.10 inch fell at L and 0.07 
inch at M in the light, steady rain. The squall line was under-
going dissipation during the rain at these stations. 
Station L showed the same relatively large decrease in the 
ratio of Ge144/Sr90 near the rear edge of the convective system 
that was found at most other stations in the storm of June 19. 
The ratio could not be time analyzed at M, since only one sample 
was obtained. 
The average concentrations of Sr90 and Ce144 at station M 
were the highest among the sampling stations on June 19, although 
initial samples had higher values at some stations. At L, the 
average concentration of Sr90 was 77 pc/1 and the average Ce144 
843 pc/1; both concentrations were relatively light in comparison 
with the general storm pattern. The average ratio of Ce144/Sr90 
at L was 11, compared with 21 at M and E, the two other stations 
subjected to the dissipating stage of the squall line. Thus, 
debris present in the rainwater at L appeared to be older than 
that at M and E. 
81 
Table 10. Radioactivity and Rainfall 
in Storm of June 19, 1963 
Time 
(CST) 
1845-1905 
1905-30 
1930-45 
1615-25, 
1654-54-1/2 
1654-1/2-55 
1655-56 
1656-58 
1658-1705 
1705-50 
1920-40 
1940-2008 
2008-28 
1930-2045 
1802-58 
1858-59 1859-1901 
1901-05 
1905-2015 
1645-49 
1649-52 
1652-53 1653-54 
1654-55 
1655-57 1657-1700 
1700-04 
1704-06 
1706-07 
1707-08 
1708-10 
Sr90 
(pc/1) 
99 86 
46 
107 
49 
46 
59 
87 
6 
82 
100 
48 
134 
lost 
34 
18 
65 48 
127 
96 
111 
91 118 
82 
56 
74 
52 
52 
54 
lost 
Ce144 
(pc/1) Ce 
Station E 
3682 
1124 
108 
Station G 
2184 
304 
466 
545 
695 
47 
Station L 
1119 
1297 
115 
Station M 
2748 
Station N 
lost 
592 
231 
401 
408 
Station 0 
3171 2132 
2368 
1739 1336 
1325 906 
1070 
1032 
1104 
395 
lost 
144/Sr90 
37 
13 2 
20 
6 
10 
9 8 
7 
14 
13 
2 
21 
-
17 
13 
6 
8 
25 
22 
21 
19 11 
16 
16 
14 
20 
21 
7 
_ 
Rain 
amount 
(in) 
0.045 
0.040 
0.015 
0.050 
0.045 
0.040 
0.045 
0.050 
0.060 
0.030 
0.040 
0.030 
0.070 
0.070 
0.070 
0.060 
O.065 
0.065 
0.050 
0.060 
0.050 
0.040 
0.045 
0.045 
0.045 
0.055 0.050 
0.040 
0.050 
0.055 
Rain 
rate 
(in/hr) 
0.1+ 
0.1 
0.1-
0.3 5.4 
2.4 
1.4 
0.3 0.1 
0.1 
0.1 
0.1 
0.06 
0.1 
4.2 
1.8 
1.0 
0.06 
0.7 1.2 
3.0 
2.4 
2.7 
1.3 
0.9 0.8 
1.5 2.4 
3.0 
1.6 
82 
Table 10 (continued) 
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Time 
(GST) 
1750-58 
1758-59-1/2 
1759-1/2-1804-1/2 
1804-1/2-12 
1812-1920 
1753-1809 
1809-12 
1812-20 
1820-1915 
1739-1802 
1802-06 
1806-45 
1850-1940 
1815-1930 
Sr90 
(pc/1) 
Ce144 
(PC/1) Ce144/Sr90 
Time Samplers on ECI 
181 
87 
94 68 
71 
136 
38 
30 
55 
118 
19 30 
37 
86 
Total Storm 
1727-1831 
1722-1925 
1730-2000 
1804-2000 
82 
136 
68 
76 
Station K 
5603 
1951 
1050 
459 
361 
Station 
3570 
1098 
563 508 
Station 
2820 
463 
206 
59 
Station 
1802 
Samplers 
Station 
673 
Station 
1369 
Station 
228 
Station 
946 
R 
S 
T 
on 
11 
23 
25 
39 
Network 
31 
22 
11 
7 
5 
26 
29 
19 
9 
24 
24 
7 
2 
21 
Rain 
amount 
(in) 
0.045 
0.045 
0.055 
0.055 
0.040 
0.050 
0.050 
0.050 
0.040 
0.040 
0.040 
0.050 
0.020 
0.030 
ECI Network 
8 
10 
3 
12 
0.44 
0.20 
0.39 
0.25 
Rain 
rate 
(in/hr) 
0.3 
1.8 
0.7 
0.4 
0.04 
0.2 
1.0 
0.4 
0.03 
0.1 
0.6 
0.3 
0.02 
0.03 
0.4 
0.1 
0.2 
0.1 
Relation between Rainfall, Rainout, and Ce144/Sr90 
Figure 31 shows graphical plots of storm rainfall against 
Sr90 concentration, Ce144 concentration, and Ce144/Sr90 that 
are similar to those discussed in the previous case studies. 
The Sr90 graph shows a large degree of scatter among the sampling 
stations, and no effort has been made to fit a trend line to the 
data. Obviously, very little correlation existed between Sr90 
concentration and rainfall volume in this storm. 
The Ce144 concentration showed more of a trend with respect 
to storm rainfall, and a trend line has been shown in figure 31 
about which most of the points cluster. Two stations, L and K, 
depart farthest from the trend line. Station L had a relatively 
low concentration for the amount of rainfall, which was light 
steady rain from the dissipating squall line. However, stations 
M and E, both close to the trend line, had similar storm experi-
ences. The relatively heavy concentration at station K occurred 
in the southern part of a mature convective cell in which the 
radar-indicated cloud tops were 25,000 to 30,000 feet. However, 
station 11 in the same multicellular echo had a similar storm 
experience, but it lies close to the trend line. From the avail-
able radar and rainfall data, there was no apparent cause for the 
large departures of stations L and K. Analyses indicate that the 
convective cells at all the sampling stations had tops which did 
not penetrate the tropopause level as they approached and passed 
the stations. 
Grouping the network data by radar-indicated cloud tops 
produced no significant results. For example, relatively low 
dissipating clouds with stratiform characteristics produced the 
rain at stations M and E, close to the trend line. However, 
stations R and 3 which received rain from thunderstorm cells 
with tops at 30,000 to 35,000 feet are also near the trend line. 
No significant differences were found when the station data were 
separated according to location of station with respect to the 
center of rain-producing convective cells, and according to the 
developmental stage of the cells. Evaporation effects could not 
be evaluated from the storm data. 
Figure 31 shows a trend for the ratio of Ce144/Sr90 to de-
crease with increasing storm rainfall, in agreement with trends 
in the storms of May 4, June 10, and June 13, discussed previously. 
Table 11 shows the first and last ratios of Ce144/Sr90 for sampling 
stations at which three or more time samples were obtained. In all 
cases, the last ratio was much smaller than the first ratio, which 
indicates radioactive debri3 of older age, on the average, in the 
rear part of the squall line in comparison with the forward edge. 
A similar trend was found In the squall-line storm of June 10 and 
in the multicellular air mass thunderstorms on June 13. 
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Figure 31. RELATION BETWEEN STORM RAINFALL 
AND RADIOACTIVE RAINOUT IN STORM OF JUNE 19, 1963 
Table 11. First and Last Ratios of Ge144/Sr90 
in Storm of June 19, 1963 
Station First Last 
E 37 2 
G 20 7 
K 31 5 
L 14 2 
N - 8 
0 25 -
R 26 9 
S 24 2 
Median 25 5 
Summary and Conclusions 
A weak, inverse relationship was indicated between the con-
centration of Ce144 and storm rainfall by graphical plots of all 
station data. Poor correlation was indicated between Sr90 con-
centration and storm rainfall by similar graphical plots. Pattern 
comparisons on the East-Central Illinois Network of 400 square 
miles indicated an inconsistent relationship between storm rain-
fall and nuclide concentrations; in some regions, an inverse 
relationship was found between concentration and rainfall, and 
in other network areas the relationship was direct. 
Examination of the data grouped according to location of 
sampling stations with respect to the center of rain-producing 
convective cells revealed no significant differences in rainout 
concentrations. Similarly, no distinct differences were found 
when the network data were grouped according to developmental 
stage of the rain-producing cells, the height of the storm 
clouds, rainfall type, and rainfall rate. 
A trend was found for the average ratio of Ce144/Sr90 to 
decrease with increasing storm rainfall among the network sta-
tions, in general agreement with the trend observed in the other 
storms discussed earlier in this report. Also, a trend was found 
for the ratio to decrease considerably from the forward edge to 
the rear portion of the squall line, a trend which was present 
also in the squall-line storm of June 10. 
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STORM OP JULY 1, 1963 
Introduction 
Air mass thunderstorms occurred in central Illinois during 
the afternoon of July 1. On the time sampler network, rainfall 
amounts varied from zero to 2.20 inches. Samples were obtained 
at 10 of the time sampler stations, although only one to three 
samples were obtained at several of the stations because of the 
small amount of rainfall. No rain fell at five of the time sam-
pler stations. In addition to the time sampler data, eight total 
storm samples were obtained on the East-Central Illinois Network. 
Beta analyses were made of time samples from five stations 
at which four or more samples were collected. Total storm sam-
ples were analyzed for beta concentration at seven time sampler 
stations and at five stations on the East-Central Illinois Net-
work. A total of 46 samples were analyzed for the concentration 
of selected nuclides by Isotopes, Inc. These included 38 time 
samples from eight stations, and eight total storm samples. 
Radar echo maps were drawn from film records of the RHI and 
PPI radars, and calculations of echo heights, growth, and move-
ment calculated in the same manner as described earlier for other 
storms. Data on rainfall volume, intensity, and duration were 
obtained from recording raingages at the rainwater sampler sites. 
The radar and raingage data were then used to investigate rela-
tionships between the distribution characteristics of the radio-
active rainout and mesoscale features of the thunderstorms. 
Synoptic Weather 
The rainstorms on July 1 were associated with a strong cy-
clonic shear zone. This zone was located along the Ohio River 
early in the day and appeared to drift northward later. Rela-
tively moist air was present in central Illinois at the time of 
the thunderstorms, which began in the rainwater sampling network 
about noon and continued intermittently throughout the afternoon. 
The precipitable water from the surface to 400 mb was approxi-
mately 1.25 inches, and surface dew points were relatively high, 
ranging from the high 60s to the low 70s during the day. No 
fronts were present within the state (figure 32). The Showalter 
stability index was -2 prior to the thunderstorms. The freezing 
level was near 15,000 feet. 
The tropopause was at approximately 50,000 feet. The break 
in the tropopause was in North Dakota so that no true jet or 
tropopause break influenced the central Illinois storms. In 
central Illinois the winds were from the WSW to SW in the lower
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Figure 32. SURFACE MAP FOR 1500 CST ON JULY I, 1963 
Figure 33. 500-Mb MAP FOR 1800 CST ON JULY I, 1963 
levels, shifted to a weak southeasterly flow from 8000 to 35,000 
feet, and then became northerly, A closed low at 500 mb was 
centered over southern Illinois at 1800 GST (figure 33). 
Comparison of Radar, Raingage, and Radioactivity Observations 
Radar observations were made with both the CPS-9 and TPS-10, 
but maintenance difficulties forced the TPS-10 out of action 
during part of the afternoon storm period. The time distribution 
of cloud tops, as indicated by the TPS-10 in the 6000-square-mile 
sampling network, is shown In figure 34 for median and maximum 
values during periods of operation. The average height of the 
cloud tops increased from 16,000 feet to 35,000 feet between noon 
and 1430 CST when the TPS-10 was shut down for repairs. The 
cloud tops had decreased greatly by late afternoon when the set 
was In operation again. Except for one convective cell in late 
afternoon, the maximum tops did not exceed 45,000 feet during 
operational periods. As indicated in figure 34, the tropopause 
was near 50,000 feet, so that stratospheric penetration by a 
convective cell was observed on the network only once during 
operations. Other penetrations could have occurred during the 
mid-afternoon shutdown, but U. S. Weather Bureau radar reports 
do not indicate such occurrences, 
A typical PPI echo pattern during the afternoon air mass 
thunderstorms is shown in figure 35, The CPS-9 echo pattern Is 
presented in this figure for the sampling network of 6000 square 
miles. Cell centers, as indicated by echo intensity contours, 
have been shown by shading within the echoes. Both multicellu-
lar and single-celled storms are indicated within the network. 
Because of weak winds aloft, the Individual storms developed, 
matured, and dissipated in the same general area. Echo speeds 
were generally less than 10 knots and movements were erratic. 
The patterns of storm rainfall and of the average concen-
trations of gross beta, Sr90, and Ce144 are shown in figure 36 
for the total storm period on the 400-square-mile East Central 
Illinois Network. Other station values from the large network 
are included In table 13, 
In general, the three radionuclide concentration patterns 
show an Inverse relationship with the storm rainfall pattern. 
For example, the radionuclide patterns have areas of relatively 
high values in the southeastern and northeastern parts of the 
network, whereas relatively light rainfall is found in these 
areas. The rainfall pattern shows a region of relatively heavy 
rainfall extending from the southwestern to the central and 
eastern parts of the network, and the three radionuclide pat-
terns have a region of relatively light concentrations displaced 
slightly eastward and southeastward from the heavy rainfall region. 
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Figure 34. RADAR INDICATED CLOUD TOPS IN RAINWATER SAMPLING 
NETWORK ON JULY 1, 1963 
Figure 35. CPS-9 ECHO PATTERNS AT 1505 CST ON 
JULY 1, 1963 
Figure 36. RADIOACTIVE RAINOUT AND RAINFALL PATTERNS IN EAST CENTRAL 
ILLINOIS NETWORK ON JULY 1, 1963 
The inverse relationship is verified by the correlation coeffici-
ents shown in table 12 between rainfall and beta concentration 
among the 10 network stations. When stations from the larger 
network were added to the data from the 400 square mile network, 
the correlation coefficient increased to -0.75 between rainfall 
volume and beta concentration and to 0.86 between rainfall and 
beta deposition. As generally found in convective storms (Huff, 
1965), rainfall volume correlated better with radioactive rainout 
than rainfall rate and rainfall duration. 
Table 12. Correlation Between Gross Beta Rainout 
and Rainfall on July 1, 1963 
Correlation coefficients with beta factors 
Rainfall factor Concentration Deposition 
Volume -0.64 +0.64 
Rate                      -0.30              +0.21 
Duration -0.40 +0.62 
In the following paragraphs, individual station analyses are 
discussed, with emphasis upon storm characteristics which may 
have influenced the intensity of the radioactive rainout. This 
storm is of particular interest because some thunderstorms passed 
through their complete life cycle within the network. 
Station G. Only gross beta analyses were performed on the 
rainwater samples from this station at which a thunderstorm pro-
duced 0.29 inch of rainfall in the 30-minute period from 1355 to 
1425 CST. Relatively heavy rates were associated with the first 
two samples when the major burst occurred. A secondary burst 
occurred late in the storm period (table 13). Radar observations 
indicated that the rainfall was associated with a thunderstorm 
which had its inception approximately 10 miles east of G 2. hours 
before rain reached the station. This echo developed into a mul-
ticellular storm as it drifted slowly westward, but separated 
into two separate echoes by the time it reached G, The station 
was lying near the intensity center of one echo as rain started. 
The cell then developed southward and dissipated on its northern 
side, so that G was from near the center to the northern edge of 
the echo during the rainfall period. 
The heaviest beta concentration occurred at the start of 
rainfall, reached a minimum when approximately 75 percent of the 
rain had fallen, and had a secondary maximum in the light rainfall 
at the dissipating northern edge of the echo. Radar observations 
indicated the forward edge of the echo reached station G approxi-
mately 30 minutes before rain was recorded at the surface. 
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Measurable rain was first recorded near the center of the thun-
derstorm echo. Maximum cloud tops in the storm that produced 
the rainfall at G did not exceed 38,000 feet at any time, accord-
ing to TPS-10 observations; thus, cloud tops were 12,000 feet or 
more below the tropopause level. The average beta concentration 
for the total storm rainfall was 3064 pc/1, relatively light with 
respect to the network pattern of concentrations on July 1. 
Stations J and L. Station L recorded 0.21 inch in a single-
burst storm from 1228 to 1305 CST. Since the radars are located 
at this station, ground clutter interfered too much with the radar 
observations to evaluate the rainout with respect to echo charac-
teristics. Detailed analyses could not be performed on the data 
for station J because of the failure of the clock on the record-
ing raingage. 
Station M, At station M, a thundershower produced 0.10 
inch of rainfall from 1222 to 1237 CST, Two time samples were 
obtained and analyzed for concentrations of beta, Sr90, and 
Ce144. The concentrations were relatively high in the initial 
sample, but decreased rapidly in the second sample. At the time 
of rainfall at M, cloud tops ranged from 30,000 to 38,000 feet 
over the station. Prior to the rain at M, tops had reached 
40,000 to 42,000 feet in the thundershower several miles west 
of the station where the shower developed. The center of a 
small TRW cell in the multicellular thunderstorm passed over M. 
The tropopause was at 50,000 feet, so that the maximum tops in 
the storm were well below the tropopause level. 
A second thundershower started at station M at 1247. This 
was a heavy shower which produced 2.10 inches of rainfall in 1.5 
hours. Ten time samples in the first 0.50 inch of rainfall were 
obtained in this shower. It was not possible for the observer 
to change the bottles after the original 12 filled because of 
the heavy rainfall taking place. The beta concentration in the 
initial sample of this shower was 4855 pc/1, and the rainfall 
rate averaged 1.5 in/hr during the collection of the 0.05-inch 
sample. This concentration was much lower than the initial con-
centration in the first shower (table 13), but it was considerably 
higher than the last concentration in the preceding shower. The 
beta concentration decreased to 2332 pc/1 in the second sample of 
the heavy shower and varied from 1700 to 1900 during the rest of 
the samples collected at rainfall rates of 2.0 to 3.0 in/hr. 
Both Sr90 and Ce144 also had maximum values of concentration at 
the start of the two showers (table 13). 
During the second thundershower, station M was under the in-
fluence of the same thunderstorm complex that produced the earlier 
shower, but received its rain from different cells. This thun-
derstorm complex expanded considerably between the two showers 
and during the early part of the second storm, and contained a 
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large number of individual cells within an elongated area that 
had dimensions of approximately 60 x 20 miles at the time of 
maximum development, as shown by the TPS-10. Because of precipi-
tation attenuation in the heavy rainfall of the second TRW, It 
was not possible to obtain an accurate portrayal of the location 
of station M with respect to the cells producing the rainfall. 
During and preceding the time sampling in the first 0.50 inch of 
rainfall, cloud tops in the vicinity of M appeared to reach as 
high as 40,000 feet, approximately 10,000 feet below the tropo-
pause level. 
Within the portion of the storm sampled at station M on 
July 1, the rainout distribution characteristics were typical of 
1963 storms. The initial concentrations were high, followed by 
a rapid decrease. At the beginning of the second rain burst, the 
initial concentration was again relatively high with respect to 
subsequent samples, but not nearly as high as with the first burst. 
Both bursts sampled were within the same thunderstorm complex, but 
concentrations were much lower in the second burst. This illus-
trates the great variability in radioactive rainout that may occur 
in time and space. For example, the average beta concentration in 
the two time samples of the first TRW was 7700 pc/1 compared with 
3600 pc/1 in the first two samples of the second storm. The exact 
cause of the lower concentrations in the second burst cannot be 
determined, but may be due partially, at least, to dilution of the 
atmospheric source of radioactivity in the much heavier rainfall 
rates and greater rainfall volume in the second burst. 
Station Q. Only four time samples were obtained at sta-
tion Q before maintenance problems stopped the sample collection. 
The first 0.21 inch of rainfall in the 0.50-Inch TRW was col-
lected in the four samples. The gross beta concentration in-
creased from 3808 to 5961 pc/1 from the first to the second time 
sample. These samples were collected at rainfall rates of 0.6 
in/hr. In the last two samples, the beta concentration decreased 
to approximately 3200 pc/1, and the rainfall rate Increased to 
1.0 in/hr in the third sample, and to 3.6 in/hr during the col-
lection of the last sample. 
The storm began at 1402 CST and the last of the four samples 
was collected at 1415-1416, Both the CPS-9 and TPS-10 indicate 
that station Q was located on the rear side of a single-celled 
thunderstorm during the collection of the four time samples. The 
radars indicate that rain occurred at Q when a shower with its 
center located 2 to 3 miles southeast of the station expanded in 
areal extent enveloping station Q. The TPS-10 indicated that 
cloud tops in the thunderstorm center did not exceed 35,000 feet 
before or during the rainfall at station Q. Thus, the radar-
indicated tops did not reach the tropopause level. In this case, 
the initial radionuclide concentrations were not relatively high 
with respect to the following samples. However, the forward edge 
of the thunderstorm did not pass over the station. 
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Station S. Two sets of time samples were collected at 
station S. In a thundershower from l4l6 to 1458 CST, 12 samples 
were obtained, of which seven were analyzed for radioactivity. 
Pour samples were analyzed from two later showers of much lighter 
intensity. Raingages recorded a total of 0.99 inch of rain in 
the first thunderstorm, 0.04 inch in the second shower, and 0.23 
inch in the third storm. 
In the first shower, the beta concentration decreased from 
6730 pc/1 in the first sample to 3430 in the second sample, reached 
a minimum of 2350 when approximately 40 percent of the rain had 
fallen, then gradually increased to 4410 pc/1 in the last sample. 
This was a typical Type A beta distribution, the most common type 
found in 1963 storms. A single-peaked rainfall rate distribution 
occurred, and the minimum in the beta distribution lagged the 
peak in the rainfall rate distribution, with respect to cumula-
tive rainfall volume. The rate peak occurred when approximately 
30 percent of the rain had been recorded. A Type E distribution 
was indicated with Sr90 and a Type D distribution with Ce144 
(table 13). 
Precipitation attenuation from intervening heavy rainfall 
interfered with the CPS-9 portrayal of the first shower at sta-
tion S. A combination of available data from both the TPS-10 and 
CPS-9 indicated that the center of a thunderstorm passed through 
or just south of S. Rainfall rates reached as high as 4.2 in/hr 
at the station during the storm. Maximum tops of 40,000 feet 
were indicated by the TPS-10 in the vicinity of S during and pre-
ceding the rainfall. 
The initial sample in the second set of time samples at sta-
tion S contained all the rain from a 0.04-inch shower and 0.02 inch 
of rain at the start of a 0.23-inch shower. The beta concentration 
in this combined first sample was 12,415 pc/1, much higher than in 
the first shower that had much greater rainfall rates and total 
storm rainfall. Sr90 concentration was also much higher in this 
sample. This again suggests greater dilution of the atmospheric 
source of radioactivity in heavier rainfall, especially since the 
heavy initial concentration occurred in the later bursts and, 
therefore, cannot be attributed primarily to entrainment of sur-
face or low-level dry material into the advancing storm. 
The radar-indicated cloud tops did not exceed 35,000 feet at 
any time during the collection of the second set of samples and, 
in general, were 5000 to 10,000 feet lower than in the heavier 
first shower. The highest rainfall rate associated with any of 
the samples in the second set was 0.9 in/hr compared with a high 
of 4.2 in/hr in the first TRW. The average beta concentration in 
the second set of samples was 5500 pc/1 compared with 3750 in the 
first TRW, in which tops were higher but rainfall rates and rain-
fall volume were also much higher. Except for the initial samples, 
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however, the beta concentrations in the individual samples were 
similar in both sets of time samples. Thus, omitting initial 
samples, the average beta concentration was 3480 pc/1 in the 
first storm, compared with 38OO pc/1 in the second set that com-
bined two lighter showers. The importance of learning more about 
the causes of the high initial concentrations is stressed by this 
example. 
Station T. A total of 0.49 inch of rain fell at station T 
from 1417 to 1525 GST. Ten time samples were obtained, of which 
eight were analyzed. Rainfall rate associated with the individ-
ual samples was 0.6 in/hr at the start of the storm, reached a 
maximum of 1.5 in/hr when approximately 30 percent of the rain 
had fallen, and then decreased to 0.1 in/hr during collection of 
the last sample. Type D distributions of radioactive rainout 
concentrations occurred in this storm. 
The initial beta concentration at T, 6960 pc/1, was similar 
to that in the first TRW at S, 6730. At station T, the concen-
tration lowered to a minimum of 2520 when 30 percent of the rain 
had fallen, increased to a secondary maximum of 3290 when 50 per-
cent of the rain had been recorded, decreased to a minimum of 
1680 at the 80 percent value of cumulative rainfall, and then 
increased to 2955 pc/1 in the last sample. The rainfall rate 
showed a minor peak at the start of the storm and a major peak 
when approximately 30 percent of the rain had fallen. 
The radars indicated that station T was under the influence 
of an individual shower within a large thunderstorm complex of 
numerous cells encompassing the southeastern part of the rain-
water sampling network. Station T was near the most intense 
portion of the TRW, as indicated by the GPS-9, at the time that 
the rainfall rate was heaviest. During the latter part of the 
rain period, the station was located considerably to the west of 
the center and was receiving light rain from the overhanging cloud 
deck associated with the large thunderstorm complex. The TPS-10 
indicated echo tops in the range from 35,000 to 40,000 feet as 
the shower center approached and passed the station. The raingage 
trace indicated two bursts within the TRW at station T, but no 
cessation of rain occurred between bursts. The secondary maximum 
in the rainout distributions (discussed above) were associated 
with the end of the first and the beginning of the second burst. 
This occurrence again stresses the importance of the concentration 
at the start of storms and/or bursts within storms in the determi-
nation of the distribution of radioactive rainout in storms. In 
this case, the division of the two bursts was barely perceptible 
on the raingage trace, but its effect on the rainout concentration 
is evident. 
Station N. The rainfall at N occurred in an isolated evening 
shower when the radar sets were not in operation. Both the initial 
and average concentrations of Sr90 and Ce 1 4 4 were relatively high 
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Table 13. Radioactivity and Rainfall 
in Storm of July 1, 1963 
Time 
(CST) 
1355-56 
1356-57 
1357-1403 
1403-08 
1408-12 
1412-25 
-
1228-34 
1234-40 
1240-42 
1250-1305 
1222-27 
1227-37 
1247-49 
1250-51 
1252-53 
1254-55 
1256-57-1/2 
1402-07 
1407-12 
1412-15 1415-16 
1416-20 
1420-22 
1422-23 
1425-27 
1429-31 
1433-36 
Beta 
(pc/1) 
7668 
2675 1668 1816 
1393 3190 
-
-
11,327 4084 
4855 2332 
1717 i860 1928 
3808 
5961 
3239 
3219 
6729 
3432 
3511 
2351 
3505 
4139 
Sr90 
(pc/1) 
_ 
115 64 
68 
71 
47 
135 
137 
lost 
66 
38 
36 
35 lost 
65 
45 
lost 
65 
98 
54 
50 
lost 
76 
73 
Ce144 
Station G 
Station J 
457 1320 
Station L 
1345 423 720 568 
Station M 
2560 
914 
915 
576 
227 
668 
lost 
Station Q 
1043 
1580 
646 
393 
Station S 
1737 
855 
695 
525 
1120 
915 
Ce144/Sr90 
-
4 
20 
20 
6 
15 
4 
19 
14 
15 6 
19 
16 
33 
6 
18 
16 
14 
15 13 
Rain 
amount 
(in) 
0.05 0.05 0.05 0.05 0.05 0.04 
0.05 
0.05 
0.04 
0.06 
0.06 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 0.05 0.05 0.06 
0.07 0.08 0.07 0.08 0.07 0.08 
Rain 
rate (in/hr) 
3.0 
3.0 
0.5 0.6 0.8 0.2 
-
0.4 
0.6 
1.2 
0.2 
0.6 
0.3 
1.5 
3.0 
3.0 
3.0 
2.0 
0.6 
0.6 
1.0 
3.6 
1.0 
2.4 
4.2 
2.4 
2.1 
1.6 
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Table 13 (continued) 
Time 
(CST) 
1446-58 
1530-1602 
1602-18 
1618-22 
1633-53 
2138-42 
2142-46 
2146-56 
1417-22 
1422-28 
1428-30 
1430-34 
1434-40 
1440-44 
1448-56 
1502-25 
1350-1410 
1345-1430, 
1505-1630 
1228-1305 
1455-1500 
2138-56 
Beta 
(pc/1) 
4410 
12,415 
3968 
4222 
3200 
-
696I 
3455 2520 
3290 
1682 
2955 
6064 
2955 
3903 
M B 
2060 
Sr90 
(pc/1) 
76 
317 
155 
85 
65 
306 
52 
49 
106 
49 
36 
49 
102 
31 
54 
Total 
73 
67 
-- 
149 
-
Ce144 
(pc/1) Ce144 
Station S (cont'd) 
1061 
2104 
1597 926 846 
Station N 
3960 
1970 
720 
Station T 
1901 
991 620 510 
680
191 609 
. Storm Samples 
Station G 
1519 
Station K 
1026 
Station L 
Station 0 
2690 
Station N 
-
/Sr90 
14 
7 6 
19 12 
13 
38 
15 
18 
20 
17 10 
-
7 
6 
11 
21 
15 
-- 
18 
-
Rain 
amount 
(in) 
0.08 
0.06 
0.06 
0.04 
0.06 
0.06 
0.08 
0.08 
0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.04 
0.28 
1.15 
0.23 
0.05 
0.22 
Rain 
rate 
(in/hr) 
0.4 
0.1 
0.2 
0.9 0.1 
0.9 
1.2 
0.5 
0.6 
0.5 
1.5 
0.9 
0.5 
0.8 
0.4 
0.1 
0.8 
0.5 
0.4 
0.6 
0.7 
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Table 13 (continued) 
in this shower, compared with the general pattern in the after-
noon storms. U. S. Weather Bureau radar reports indicate tops at 
approximately 25,000 feet in the scattered evening shower in 
Illinois. 
Total Storm Sampler Stations. Total storm samples were ob-
tained at several stations on July 1. At station K, 1.15 inches 
of rain fell from several cell passages in two thunderstorms. At 
station 0, 0.05 inch fell in a light shower in mid-afternoon. At 
stations 23, 25, 27, and 39 on the East-Central Illinois Network, 
amounts in excess of 1 inch were recorded in two storm periods at 
each station. Station 11 received 0.46 inch in a mid-afternoon 
storm. Because the total storm samples resulted from rainfall 
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Time 
(CST) 
1402-45 
1415-1525 
1506-1604 
1415-45, 
1558-1637 
1345-1430, 
1545-1715 
1345-1410, 
1437-1538 
1400-1445, 
1553-1645 
Beta 
(pc/1) 
4438 
3106 
4103 
4028 
2380 
1909 
1799 
Sr90 Ce144 
(pc/1) (pc/1) 
Station Q 
Station T 
Station 11 
73 1030 
Station 23 
53 684 
Station 25 
46 575 
Station 27 
38 614 
Station 39 
31 406 
Ce144/Sr90 
--
-
14 
13 
12 
16 
13 
Rain 
amount 
(in) 
0.49 
0.50 
0.46 
1.05 
1.51 
1.20 
1.37 
Rain 
rate 
(in/hr) 
0.7 
0.4 
0.5 
0.9 
0.7 
0.9 
0.9 
from several cells, the relationship of rainout intensity to 
various meteorological factors cannot be evaluated reliably. 
Relation between Rainfall, Rainout, and Ce144/Sr90 
Figure 37 shows graphical plots of storm rainfall against 
Sr90, Ce144, and gross beta concentrations, and Ce144/Sr90. 
Trend lines have been indicated in the concentration graphs, 
but not on the ratio graph since no significant trend is in-
dicated by the data. 
The three graphs of rainout concentration indicate the usual 
trend for the concentration to decrease with increasing rainfall 
volume, although the scatter about the trend lines is considerable, 
Grouping of the station data according to similar storm character-
istics was made within limits permitted by the data to ascertain 
whether stations with similar storm experience tended to cluster 
in the same general region on the graph. No significant relation-
ships resulted from this grouping, which was limited because the 
rainfall had been produced from several cells at most of the sam-
pling stations. 
The graph of Ce144/Sr90 shows no distinct trend for the ratio 
to vary with increasing rainfall volume. In several of the storms 
discussed in previous sections, a pronounced trend for the ratio 
to decrease with increasing rainfall was found. Table 13 shows 
considerable variability in the ratio of Ce144/Sr90 between in-
dividual time samples. The trend found in several previous storms 
for the ratio to decrease significantly from the forward to rear 
edge of storms occurred at two of the four stations with data 
complete enough for this type of analysis (table 14). 
Table 14. First and Last Ratios of Ce144/Sr90 
in Storm of July 1, 1963 
Station First Last 
L 20 4 
N 13 15 
S (1st TRW) 18 14 
S (2nd TRW) 7 12 
T 18 11 
Median 18 12 
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Figure 37. RELATION BETWEEN STORM RAINFALL 
AND RADIOACTIVE RAJNOUT IN STORM OF JULY I, 1963 
Summary and Conclusions 
An inverse relationship was indicated between storm rainfall 
and the average concentrations of gross beta, Sr90, and Ce144 
from statistical analyses and pattern comparisons. A direct re-
lationship was indicated between rainout deposition and storm 
rainfall. No significant trend was found for the average ratio 
of Ce144/Sr90 to vary with total storm rainfall, or for the ratio 
to decrease consistently from the beginning to the end of storms. 
However, the ratio did vary substantially between time samples in 
the same thunderstorm. The complexity of the storms producing 
the network rainfall and precipitation attenuation effects on 
radar reception prevented detailed comparisons between rainout 
intensity and storm characteristics at most of the sampling 
stations. 
STORM OP JULY 13, 1963 
Synoptic Weather 
The rainfall on July 13 was associated with the approach and 
passage of an occluded low pressure system. At 0600 CST a low 
center was located in south-central Iowa, and a warm front ex-
tended from the low center along the Mississippi River in western 
and southwestern Illinois. By noon the low center was in north-
western Illinois (figure 38) and was moving east-northeastward, 
and the frontal system associated with the low had become occluded. 
At that time the warm front had entered the southwestern part of 
the sampling network. By 1500 the occlusion extended northward 
from the vicinity of station B, and the cold front south-south-
westward from that station; the warm front extended southeastward 
from station B to the eastern border of the network (see figure 40). 
By 1800 the frontal system had moved to a position just east of the 
network boundary. The occlusion passed stations in the northern 
part of the network, whereas the warm and cold fronts passed through 
the rest of the network. 
Precipitable water was relatively high in the sampling region 
on July 13. The Peoria RAOB indicated 1.60 inches at 0600 and 
1.47 inches at 1800. The mid-July normal at Peoria is approxi-
mately 1.4 inches. The tropopause was near 49,000 feet and the 
freezing level was at approximately 15,000 feet during the storm 
period. At 0600 the major jet stream was located approximately 
400 miles east of the sampling region with northerly winds at 80 
knots. By 1800 the major jet stream was farther east of the area, 
and a weaker jet stream was located 200 miles northwest of the 
network. 
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Figure 38. SURFACE MAP FOR 1200 CST ON JULY 13, 1963 
Figure 39. 500-Mb MAP FOR 1800 CST ON JULY 13, 1963 
Radar data indicated cloud tops at 18,000 to 20,000 feet in 
the early morning, increasing to 20,000 to 25,000 feet by noon, 
and remaining at that level during the afternoon. Movement was 
from the west at an average of 20 knots during most of the rain 
period. The 500-mb pattern (figure 39) indicates that westerly 
flow existed over Illinois on July 13, and that the state was 
under the influence of a weak trough aloft during the storm 
period. 
Storm Rainfall 
An isohyetal pattern of total storm rainfall is shown in 
figure 40. Rainfall began in the early morning in advance of 
the warm front and continued intermittently until the frontal 
system had crossed the network in late afternoon. The rain in 
the early portions of the storm was steady precipitation, occa-
sionally interspersed with rain showers. By late afternoon, 
rainshowers predominated. Some thunderstorm activity occurred 
during the afternoon when bands of precipitation replaced the 
widespread areas of steady precipitation that predominated early 
in the storm period. Figure 40 shows total rainfall ranging from 
less than 1 inch to more than 2 inches within the sampling net-
work. Rainfall rates varied from very light in the early morning 
to heavy during the cold front passage in the afternoon. 
Total Storm Radioactivity Patterns 
The pattern of the average concentration of beta concentra-
tion is shown in figure 41. Similar patterns of Sr90 and Ce144 
concentration and the distribution of Ce144/Sr90 are shown in 
figure 42. In general, inverse relationships are indicated be-
tween the storm rainfall pattern (figure 40) and the concentra-
tion patterns of beta, Sr90, and Ce144. An inverse relationship 
exists between storm rainfall and Ce144 concentration over most 
of the sampling area in figures 40 and 42. An inverse relation-
ship is indicated between Sr90 concentration and storm rainfall, 
except that the band of relatively low activity (figure 42) lies 
east of the relatively heavy rain band through the 400-square-mile 
network (figure 40), An inverse relationship is indicated also 
between beta concentration and storm rainfall (figures 40 and 4l). 
Thus, for the most part, relatively heavy rainfall occurred in 
regions of relatively light concentrations of radioactivity in 
the storm of July 13. 
The pattern of the average ratio of Ce144/Sr90 shows a rela-
tively strong inverse relationship between the ratio and total 
storm rainfall (figures 40 and 42). Thus, the patterns indicate 
a trend for relatively young radioactive debris (high ratio) to 
occur with relatively light rainfall, whereas older debris (small 
ratio) is found in the heavier rainfall areas. 
Figure 40. 
TOTAL STORM RAINFALL 
AND FRONTAL POSITIONS IN 
STORM OF JULY 13, 1963 
Figure 41. 
AVERAGE 
BETA CONCENTRATION IN 
STORM OF JULY 13, 1963 
Figure 4 2 . PATTERNS OF Sr9 0 CONCENTRATION, Ce144 CONCENTRATION, 
AND Ce1 4 4 /Sr9 0 |N STORM OF JULY 13, 1963 
Figure 43 CPS-9 ECHO PATTERNS AT SELECTED TIMES IN STORM OF JULY 13, 1963 
Radioactivity Analyses at Station F 
At Station F, 32 rainwater samples were obtained from the 
start of rain at 0833 CST to the end of rainfall at 1642. This 
provided an excellent record of the time distribution of radio-
active rainout with successive passages of warm and cold fronts. 
The rain occurred in four distinct precipitation periods. During 
the first, from 0833 to 1045, 0.33 inch fell in precipitation 
ahead of the advancing warm front. A total of nine samples were 
obtained. Figure 43 shows a representative PPI echo pattern 
during this rain perion (0930 CST pattern). Widespread steady 
rain was interspersed with occasional showers. 
In the second storm period from 1108 to 1200, 0.08 inch fell 
in a rainshower band. The third storm period produced 0.25 inch 
from 1343 to 1542 and incorporated three shower bands, the second 
being the heaviest. This rain system is shown in figure 43 
(1435 CST pattern), in which the second band is located over 
station F. The intensity center (shaded area) that produced the 
heaviest rates in the third storm period was just reaching F at 
that time. This rain period was associated with the approach and 
passage of the warm front. 
The last storm period from 1600 to 1642 was associated with 
the passage of the cold front. Thunderstorms were associated 
with this precipitation band and rainfall rates were much higher. 
A total of 0.44 inch fell in the last storm period, and 13 rain-
water samples were obtained. The CPS-9 PPI presentation of the 
cold front band as it passed F is shown in figure 43 (1619 CST 
pattern). 
Figure 44 shows the distribution characteristics of Sr90 
concentration, rainfall rate, and Ce144/Sr90 in the first, third, 
and fourth storm periods at station F. In the early part of the 
first storm period, a very rapid decrease in Sr90 concentration 
occurred. The minimum concentration occurred when approximately 
45 percent of the rain had fallen, after which a slight secondary 
maximum occurred when 70 percent of the rain had fallen. The 
rainfall rate profile shows three peaks associated with the pass-
age of precipitation bands, the last being the major peak. The 
Ce144/Sr90 ratio shows a minimum associated with the Sr90 maximum 
at the start of the storm, with the peak being reached when ap-
proximately 40 percent of the rain had fallen and just prior to 
the Sr90 minimum. The minor Sr90 peak near the end of the storm 
corresponds with a valley in the ratio profile. Thus, these data 
indicate that the radioactive debris associated with the major 
Sr90 maximum at the start of the storm was older (smaller ratio) 
than the debris associated with the Sr90 minimum. This same 
trend for older debris with heavier concentrations appears also 
near the end of the storm with the secondary Sr90 maximum. No 
strong correlation between the rainfall rate and Sr90 profile is 
indicated in this case. 
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Figure 44. DISTRIBUTION OF Sr90 CONCENTRATION, RAINFALL RATE, 
AND Ce144/Sr90 AT STATION F ON JULY 13, 1963 
In the third storm period (figure 44), the rainfall rate and 
Ce144/Sr90 profiles are in phase, the debris age decreasing with 
increasing rainfall rate and increasing as the rainfall rate de-
creases. With respect to the Sr90 profile, the peaks and valleys 
are out of phase, similar to the situation in the first storm 
period; that is, relatively high concentrations are associated 
with relatively old debris and relatively low concentrations with 
younger debris. 
In the last storm period (figure 44), the rainfall rate and 
ratio profiles are closely in phase. However, the inverse rela-
tionship between the ratio and Sr90 concentration observed in the 
other two storm periods was not evident, the peak in the ratio 
curve taking place during the period when the concentration was 
in the midst of a rapid decrease. The concentration minimum was 
reached when 65 percent of the rain had fallen, whereas the ratio 
maximum occurred when 40 percent of the rain had fallen. 
Total Storm Analyses 
Total storm samples that incorporated the four storm periods 
were analyzed for Sr90 and Ce144 content for 15 stations in the 
rainwater sampling network (figure 42). The average Sr90 concen-
tration was 15 pc/1 with a standard error of 15, or 100 percent 
of the mean. The Ce144 concentration had an average of 227 pc/1 
with a standard error of 197, or 87 percent of the mean. The 
Ce144/Sr90 ratio had an average of 19 with a standard error of 
9.5 (49 percent). It is interesting to note that the time dis-
tribution of the Ce144/Sr90 ratio at station P showed standard 
errors of 55, 54, and 47 percent of the mean, respectively, in 
the first, third, and fourth rain periods. Thus, the time vari-
ability at a point was equivalent to the total storm variability 
over the sampling network, as indicated by 15 sampling points. 
From 19 gross beta samples, an average of 728 pc/1 was obtained, 
and the standard error was 350 (48 percent). The total storm 
analyses illustrate the spatial variability of the radioactive 
rainout in the storm of July 13, and the time samples at station F 
(table 15) illustrate the temporal variability. 
Table 15 shows a general decrease in the average concentra-
tion of Sr90, Ce144, and beta from the first to the last storm 
period at station F. The average ratio of Ce144/Sr90 shows a 
decrease from the first to third storm periods, but increases to 
the highest average among the four storm periods in the last rain-
storm. Thus, the indicated average age of the radioactive rainout 
in the cold frontal storm was somewhat younger than that with the 
warm frontal rain in the earlier storm periods. Total storm rain-
fall and average rainfall rate were also the highest in the fourth 
storm period, so that the higher ratios were associated with more 
intense rainfall. Average cloud tops were higher than in the 
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earlier storm periods also, but did not reach closer than 15,000 
feet to the tropopause. The ratio data Indicate that the rainout 
with the cold front storm was from a different source than that 
with the warm frontal rains. 
Table 15. Radioactivity and Rainfall 
in Storm of July 13, 1963 
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Time 
(CST) 
0833-45 
0845-0902 
0902-10 
0910-26 
0926-43 
0943-47 
0947-57 
0957-1015 
1015-1045 
1108-10 
1110-21 
1121-1200 
1343-1408 
1408-16 
1416-38 
1438-42 
1442-55 
1455-1523 
1523-42 
1600-17 
1617-18 
1618-18-1/2 
1618-1/2-19 
1619-19-1/2 
1619-1/2-20 
1620-20-3/4 
1620-3/4-21-1/2 
1621-1/2-22-1/4 
Beta 
(pc/1) 
Sr90 
(pc/1) 
Ce144 
(pc/1) Ce144 
Station F, first storm 
4540 
3372 
1554 
474 
435 
563 491 
451 
313 
Station 
286 
213 386 
85 82 
16 
3 
4 
7 
8 
6 
4 
800 
518 
487 
115 118 
124 
96 
78 
73 
F, second storm 
4 
6 
10 
60 
54 
54 
Station P, third storm 
504 
614 
1380 
856 
679 
1010 
732 
Station 
728 
573 
572 
542 
393 
305 
I89 
121 
98 
12 
11 
46 
13 
-
23 
32 
144 
195 
347 
220 
118 
152 
138 
P, fourth storm 
13 
13 
9 
7 
3 
2 
2 
1 
1 
104 
73 
154 
225 
140 
98 
65 34 
25 
/Sr90 
period 
9 6 
30 
34 
30 
17 12 
13 18 
period 
14 
9 
5 
period 
12 
18 
8 
17 
-
7 
4 
period 
8 
6 
16 
30 
41 
43 
29 
27 
27 
Rain 
amount 
(in) 
0.040 
0.038 
0.032 
0.038 
0.038 
0.034 
0.042 
0.042 
0.031 
0.027 0.036 
0.020 
0.036 
0.034 
0.036 
0.034 
0.037 
0.035 
0.036 
0.037 
0.035 
0.035 
0.032 
0.033 
0.037 
0.034 
0.036 
0.039 
Rain 
rate 
(in/hr) 
0.20 
0.13 
0.24 
0.14 
0.13 
0.51 
0.25 
0.14 
0.06 
0.81 
0.20 
0.03 
0.09 
0.25 0.10 
0.51 
0.17 
0.07 
0.11 
0.13 
2.10 
4.20 
3.84 
3.96 
4.44 
2.72 
2.88 
3.12 
Table 15 (continued) 
Time 
(CST) 
1622-1/4-23 
1623-25 
1625-27 
1627-42 
Station 
C 
D 
E 
F G 
J K 
L 
M 
N 
O 
Q 
R 
S T 
11 
23 
25 27 
39 
Beta 
(pc/1) 
Station 
96 
142 
257 
320 
1814 
511 
1049 
571 
1195 
642 508 
600 
1013 
470 
650 
900 
387 
550 769 
348 
638 
539 274 
453 
Sr90 
(pc/1) 
Ce 1 4 4 
(pc/1) Ce144/Sr90 
F, fourth storm period 
1 
2 
4 
8 
22 
34 
51 
138 
Total Storm 
19 
7 
-
10 15 
9 4 
6 
14 
5 
9 
9 
63 
16 0 
9 
15 
-
_ 
-
222 
114 
106 
211 635 
186 101 
196 
464 
56 
180 
193 
740 
159 
-
83 
187 
-
-
-
29 
23 
14 
17 
Samples 
12 
17 
-
21 42 
21 24 
33 
33 
11 
20 
21 
12 
10 
-
9 
12 
-
-
-
Rain 
amount 
(in) 
0.040 
0.040 
0.024 
0.022 
1.32 
1.30 
1.11 
1.11 
0.76 
0.84 
1.80 
1.15 1.08 
0.95 
1.51 
1.22 
1.95 
1.83 
1.43 
1.15 
1.30 
2.02 
1.44 
1.63 
Rain 
rate 
(in/hr) 
3.20 
1.20 
0.72 
0.09 
Relation Between Rainfall, Beta Concentration, and Ce144/Sr90 
A graphical plot of total storm rainfall against average beta 
concentration is shown in figure 45, based upon 19 point samples 
on the network. A general trend for a decrease in concentration 
with increasing rainfall is indicated, although a large amount of 
scatter exists about the trend line. 
A graphical plot of storm rainfall against Ce144/Sr90 is 
shown also in figure 45. A general trend for the ratio to de-
crease with increasing rainfall is indicated, but again a large 
amount of scatter is found about the trend line. The trends in 
the storm of July 13 for radioactive rainout concentrations and 
Ce144/Sr90 to decrease with increasing rainfall are the trends 
found usually in other 1963 storms analyzed in this report. 
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Figure 45. RELATION BETWEEN STORM 
RAINFALL AND RADIOACTIVE 
RAINOUT IN STORM OF JULY 
13, 1963 
Summary and Conclusions 
Sampling network patterns and graphical plots of station 
data show an inverse relationship, in general, between total 
storm rainfall and average concentrations of gross beta, Sr90, 
and Ce144. Similarly, a trend was found for the average ratio 
of Ce144/Sr90, a debris age indicator, to decrease with increas-
ing storm rainfall. The above relationships are those found most 
frequently in other storms studied in Illinois. 
Prom a study of 32 time samples at station F, It was possible 
to compare rainout In warm frontal and cold frontal storms in the 
same storm system. These comparisons indicated that the radio-
active rainout in the cold frontal storm originated from a source 
(or sources) in which the debris was younger than the radioactive 
particulates found in the warm frontal storms. The 32 samples 
also indicated a general decrease In the average concentration of 
radioactive rainout from the warm frontal to the cold front storm 
at station F; however, rainfall volume was also greater in the 
cold front storm, and may account for the lower concentrations of 
radioactive rainout. 
Comparisons were made between the time distributions of 
rainout concentration, rainfall rate, Ce144/Sr90, and rainfall 
volume in three of four separate storms at station F. The first 
storm was a warm frontal storm In which steady rain predominated. 
The second storm was too small for use In the comparisons. Rain 
showers produced the rainfall in the third storm which was associ-
ated with the warm front also. The fourth storm was a thunder-
shower and was associated with a cold front passage. The com-
parisons showed the profiles of rainfall rate and Ce144/Sr90 in 
phase In the two convective storms (RW, TRW); that is, high ratios 
(young debris) were associated with high rainfall rates, and low 
ratios with light rainfall rates. No strong correlation was in-
dicated between rainfall rate and ratio in the steady rain of the 
first storm. 
In the two warm frontal storms, the Sr90 concentration varied 
inversely with Ce144/Sr90; that is, high concentrations were associ-
ated with small ratios and vice versa. Thus, the heavier concen-
trations apparently incorporated radioactive debris of older age 
than the lighter concentrations. However, this relationship failed 
in the cold frontal storm. 
Strong correlation was not indicated between rainfall rate 
and Sr90 concentration in the first and fourth storms. In the 
third storm an inverse relationship was indicated! that is, heavy 
rates were associated with light concentrations. 
The comparison of the time distributions at station F in the 
storm of July 13 further illustrate the complexity of the 
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relationships between radioactive rainout and meteorological 
factors. The wide range of radioactive debris sources which may-
be incorporated into a single storm system is vividly illustrated 
also in this storm. For example, at station F the age indicator, 
Ce144/Sr90, varied from 6 to 34 in the first storm, a steady rain 
associated with the approach of a warm front. The ratio varied 
from 4 to 18 In rain showers in the third storm associated with 
the warm front passage, and from 6 to 43 in the thunderstorm 
associated with the cold front passage. Great spatial variabil-
ity was found in the average ratio for total storm rainfall also. 
Within the network, the ratio varied in the total storm samples 
from 9 at station 11 to 42 at station G, approximately 23 miles 
from G. 
The time and spatial variability in the concentration of 
radioactive rainout Is well illustrated by the storm of July 13. 
For example, the average beta concentration for total storm rain-
fall among 20 stations in the network ranged from 274 to l8l4 
pc/1. Ce144 concentration ranged from 56 to 740 pc/1. At sta-
tion F, the beta concentration varied from 4540 pc/1 in the first 
sample to 96 pc/1 in the 29th sample. Ce144 concentration varied 
from 800 pc/1 in the first sample to 22 pc/1 in the 29th sample. 
STORM OF JULY 19-20, 1964 
Synoptic Weather 
A rainstorm during the late evening of July 19 and the early 
morning of July 20 was associated with the passage of a pre-frontal 
squall line. At 2100 GST on July 19, a cold front extended south-
westward from southern Michigan through northeastern and western 
Illinois (figure 46). At the 500-mb level (figure 47), west-north-
westerly flow was present over Illinois. The jet stream was located 
approximately 200 miles north of the sampling network during the 
storm, and the tropopause was near 51,000 feet In the mT air ahead 
of the cold front. Radar observations Indicated the squall line 
was oriented in a W-E direction across the sampling network and the 
line moved southward at approximately 20 mph. Cloud tops in the 
squall line exceeded 50,000 feet occasionally, but were in the range 
from 40,000 to 50,000 feet most of the time. 
Storm Rainfall 
Most of the rainwater sampling was confined to the East-Central 
Illinois Network of 400 square miles. The rainfall pattern on this 
network is shown in figure 48; amounts ranged from 0.39 inch to 
1.07 Inches at the rainwater sampling stations in the network. 
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Figure 46. SURFACE MAP FOR 2100 CST ON JULY 19, 1963 
Figure 47. 500-Mb MAP FOR 1800 CST ON JULY 19, 1963 
Figure 48. TOTAL STORM RAINFALL ON JULY 19-20, 1963 
Figure 49. AVERAGE BETA CONCENTRATION IN STORM 
OF JULY 19-20, 1963 
Samples were also analyzed for several other stations in the 
larger network (table 16) in which amounts ranged from 0.10 inch 
to 1.62 inches. 
Total Storm Radioactivity Patterns 
Figure 49 shows the average beta concentration pattern in 
the 400-square-mile network for the total storm period. Fig-
ure 50 shows similar patterns for the concentration of Sr90 and 
Ce144, and the average ratio of Ce144/Sr90 for the storm period. 
Data for stations outside of the East-Central Illinois Network 
are included in table 16. 
The network patterns in figures 48 to 50 indicate an in-
verse relationship between the concentration of radioactivity 
and storm rainfall in the southwestern and northwestern parts 
of the network. However, in the northeastern, eastern, and 
southeastern parts of the network, a direct relationship is 
indicated. In the central part of the network relatively light 
concentrations of radioactivity have no corresponding high or 
low region on the rainfall map. Thus, an inconsistent rela-
tionship between rainout concentration and rainfall occurred in 
this storm on the 400-square-mile network. 
The pattern of the average ratio of Ce144/Sr90 is similar 
to the patterns of concentration of Sr90 and Ce144 and, there-
fore, shows an inconsistent relationship with total storm rain-
fall also. Thus, the ratio is high in the southwestern part of 
network in an area of light rainfall, but it is relatively high 
also in the eastern part of the network in which the rainfall 
was relatively heavy. 
Comparison of Radar, Raingage, and Radioactivity Observations 
Radar observations were made throughout the storm with the 
CPS-9, and during part of the storm with the TPS-10 before main-
tenance problems forced a shutdown. Analyses for the average 
concentration of Sr90 and Ce144 for the total storm period were 
made for eight stations on the East-Central Illinois Network, 
and for three other stations (C, F, and N) which provided a 
north-south profile through the squall line approximately per-
pendicular to the line. Gross beta analyses were made for total 
storm rainfall at nine stations on the East-Central Illinois 
Network and eight stations in the larger network surrounding the 
400-square-mile area. Graphical presentations of the total storm 
data are shown in figure 51 in which storm rainfall has been 
plotted against radioactivity concentration and Ce144/Sr90. 
These graphs will be discussed later. 
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Figure 50. PATTERNS OF Sr90 CONCENTRATlON, Ce144 CONCENT RATION, AND Ce144/Sr90 
ON JULY 1 9 - 2 0 , 1963 
Figure 51. RELATION BETWEEN STORM RAINFALL 
AND RADIOACTIVE RAINOUT IN STORM OF JULY 19-20,1963 
Beta analyses of time samples were made at stations C, E, 
M, and R to provide data on time distributions of rainout at 
several stages of development of the storm as it crossed the 
network region. Analyses of the station data described above 
are discussed in the following paragraphs. 
Station C. The rainfall from the squall line started at 
station C at 2103 GST (table 16), and at that time the station 
was near the forward edge of a cell (figure 52). The TPS-10 
indicated cloud tops at 40,000 to 45,000 feet in this echo as it 
approached and passed C. As indicated earlier, the tropopause 
was near 51,000 feet. Twelve samples were obtained at the start 
of this storm in the first 0.57 inch of the 1,62-inch total. 
However, the first sample was collected partly in an earlier 
shower (table l6). Rainfall rates were heavy (3 to 6 in/hr) in 
samples 4-12. Table 16 shows a rapid decrease in beta concen-
tration at the start of the storm. Concentrations became rela-
tively constant after 0.32 inch had fallen. 
Average concentrations of Sr90 and Ce144 for the storm were 
17 and 32 pc/1, respectively. With respect to the general trends 
in this storm (figure 51), the Sr90 concentration was relatively 
high and the Ce144 concentration was relatively low. This com-
bination resulted in a very low ratio of Ce144/Sr90 (figure 51) 
which, in turn, indicates relatively old radioactive debris in 
the rainwater at station C in comparison with other stations. 
At the time the squall line passed station C it was intensifying 
and had very strong electrical activity associated with it. 
Cloud tops exceeded 50,000 feet in cells a few miles southeast 
of this station, shortly after the line had reached C. Rainfall 
rates were relatively high, but heavy rates also occurred at most 
of the other network stations in this storm. However, the total 
storm rainfall at station C was one of the heaviest recorded on 
the network. 
Station E. A total of 0.94 inch of rain occurred at sta-
tion E, The CPS-9 portrayal of the squall line as it approached 
E is shown in figure 52. Twelve time samples were obtained and 
analyzed for gross beta concentration (table 16), Strong elec-
trical activity was present. The initial beta concentration at 
the start of rainfall, 1410 pc/1, was considerably less than the 
initial concentration, 3064 pc/1, at station C, However, concen-
trations at E remained at a higher level than those at C after the 
initial decrease (table 16). Average beta concentration for the 
total storm period at station E was 1402 pc/1. Figure 51 indi-
cates this concentration is relatively high with respect to the 
network trend and the storm rainfall volume at this station. 
Radar observations indicate that the rainfall at E occurred 
in conjunction with two thunderstorm complexes (figure 52). The 
elongated intensity core approaching E at 2239 CST crossed the 
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Figure 52. CPS-9 ECHO PATTERNS ON JULY 19-20, 1963 
station, but rainfall was not recorded at the surface until the 
back edge of this echo was over the station. Later, the more 
northerly portion of the echo mass oriented NE-SW which lies west 
of the echo approaching E in figure 52 also crossed the station. 
The burst shown in table 16 came from this echo. Detailed data 
on cloud tops at E are not available because of operational dif-
ficulties with the TPS-10. The squall line appeared to have been 
fully developed as It passed E; that is, no indication of further 
intensification of echo activity was shown by the CPS-9. In 
fact, by the time rainfall stopped at E with the passage of the 
rear edge of the squall line, dissipation of the line had started. 
Station P. The 1,25-inch rainfall at station F was associ-
ated with the NE-SW echo mass (figure 52) that later produced 
most of the rain at E. Recording raingage data indicated three 
bursts at each station in the main rain-producing echo mass. 
Thus, both stations apparently had similar storm experiences. 
The data in table 16 and figure 51 indicate that both stations 
had average beta concentrations that were relatively high with 
respect to the general trend on the network. Analyses of Sr90 
and Ce144 data at station F showed average concentrations that 
were relatively high also. The average ratio of Ce144/Sr90, 16, 
was relatively high at station F; thus, the radioactive debris 
was relatively young with respect to the storm average. 
The major difference between stations C and F was the con-
centration of Ce144 which at F was approximately nine times that 
at C. Both stations had average Sr90 concentrations of 17, both 
experienced heavy rainfall rates, and both had relatively heavy 
storm rainfall with respect to other network stations. The large 
difference in Ce144 concentration resulted in a much higher ratio 
of Ce144/Sr90 at F than at G. Different thunderstorms were re-
sponsible for the rainfall that occurred approximately 2 hours 
apart at the two stations. 
Station J. This station received its rainfall from the 
squall line at approximately the same time and, therefore, with 
the line in the same stage of development as stations E and F. 
Rainfall was lighter at J than at E and F, and figure 51 indi-
cates the average beta concentration was typical of the network 
experience; that is, it lies close to the trend line on the graph. 
The CPS-9 indicated that the rainfall at station J fell from the 
western portion of a large thunderstorm complex. 
East-Central Illinois Network. Rainwater samples were ob-
tained at eight stations on this 400-square-mile area within the 
larger sampling network. These stations received rainfall when 
the squall line was in a mature stage of development and shortly 
before the line started dissipating. Average beta concentrations 
ranged from 592 pc/1 at station 39 to 1917 pc/1 at station S 
(table 16). Both stations are near the southern boundary of the 
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network. Sr90 concentrations showed a similar degree of varia-
bility with values ranging from 12 to 28 pc/1. Ce144 concentra-
tions varied from 79 to 545 pc/1, and ratios of Ce144/Sr90 varied 
from 7 to 21. Thus, large spatial variability occurred in each 
of the several radioactivity factors in the 400 square miles, 
similar to findings in other storms in 1963. 
The recording raingage charts indicated that the rainfall 
at stations on the 400 square miles resulted from three or four 
bursts as the squall line crossed the network. Relatively heavy 
rates were experienced in portions of the storm at all of the 
sampling stations. From examination of the raingage data and 
available radar data, little differentiation could be made be-
tween storm characteristics at the various stations other than 
the variation in total storm rainfall. Radar analyses, however, 
were limited by the forced shutdown of the TPS-10 and precipi-
tation attenuation from intervening rainfall when the storm was 
over the network. Figure 51 shows stations in the 400 square 
miles on both sides of the trend lines with no particular sepa-
ration by location. 
The time distribution of beta concentration at station R is 
shown in table 16 for the first 0.60 inch of the 1,07-inch total. 
Rainfall rates were similar to those experienced at station C in 
an earlier storm. The time distribution of beta concentration at 
R was also similar to the distribution at C; that is, the concen-
tration decreased rapidly at the start of rainfall and leveled 
off in the latter part of the sampling period. Average beta con-
centrations for the 12 samples at C and R were 888 and 866 pc/1, 
respectively. These data further emphasize the similarity in 
storm experience at the two stations. 
Stations M and N. The squall line was undergoing dissipa-
tion as it passed these two stations. Figure 51 indicates that 
both stations had relatively low beta concentrations for the 
recorded amount of rainfall. Station N shows low values for 
Sr90 and Ce144 concentrations also (figure 51). The ratio of 
Ce144/Sr90 was relatively high at station N, although higher 
ratios were found at several stations which were traversed by 
the squall line in its intensifying and mature stages. 
The time distribution of beta concentration at station M is 
shown in table 16. The concentration in the initial sample was 
similar to the initial concentrations at C and R, but the concen-
tration was higher at M after the first two samples. However, 
the last two samples at M were from a second burst. As expected, 
rainfall rates were relatively light in the dissipating stage of 
the squall line at station M. 
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Summary and Conclusions 
Sampling network patterns showed an inconsistent relation-
ship between total storm rainfall and average concentrations of 
gross beta, Sr90, and Ce144. In some areas of the sampling net-
work of 400 square miles, an Inverse relationship was found, and 
in other areas the relationship was direct. Graphical plots of 
all station data within and surrounding the 400 square miles 
indicated a weak inverse relationship between concentration of 
radioactivity and storm rainfall. No distinct trend was found 
for Ce144/Sr90 to vary with storm rainfall, as occurred in sev-
eral storms included in this report. 
Because of limitations of the available radar data, de-
tailed analyses of rainout characteristics between stations were 
restricted considerably. Evidence of relatively light concen-
trations of radioactive rainout was found in the dissipating 
stage of the squall line, when allowance was made for differences 
in rainfall volume between stations. Within the limits of the 
available data, significant differences in Ce144/Sr90 were not 
found between stations subjected to the mature and dissipating 
stages of the squall line. However, the ratio of Ce144/Sr90 did 
indicate relatively old debris in the rainwater at station C when 
the squall line was in a stage of intensification, but other sta-
tions were not subjected to this intensification stage, so that 
the relationship at C could not be verified further. 
Table 16. Radioactivity and Rainfall 
in Storm of July 19 and 20, 1963 
Station 
C 
E 
F 
J 
K 
L 
M 
N 
0 
Q 
R 
S 
11 
23 
25 
27 
39 
41 
Beta 
(pc/1) 
-
1402 
1078 
1484 
952 
675 
2789 
2017 
1851 
838 
700 
1917 
825 1508 
661 
968 
592 
1170 
Sr90 
(pc/1) 
17 
17 
-
-
-
-
30 
-
11 
-
28 
15 24 
12 
14 
19 
13 
Ce144 
(pc/1) 
32 
287 
-
-
-
-
495 
132 
-
545 
169 
282 
79 
291 
132 
160 
Ce144/Sr90 
2 
-
17 
-
-
— 
-
16 
-
12 
-
19 11 
12 
7 21 
7 
12 
Rain amount 
(in) 
1.62 
0.94 
1.25 0.54 
1.08 
1.42 
0.16 
0.10 
0.10 
0.92 
1.07 
0.39 0.84 
0.46 
0.95 O.98 
O.58 
0.95 
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Table 16 (continued) 
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Time 
(CST) 
1945-2000, 
2102-04 
2104-06 
2106-08 
2108-09 
2109-10 
2110-11 
2111-11-1/2 
2111-1/2-12 
2112-12-1/2 
2112-1/2-13 
2113-13-1/2 
2113-1/2-14 
(still raining) 
2305-10 
2310-14 
2319-21 
2321-22 
2322-23 
2323-24 
2324-25 2325-26 
2326-28 
2328-30 
2330-35 
2335-45 (still raining) 
0031-37 
0037-0120 
0132-37 
0137-52 
Beta 
(pc/1) 
Time Samples 
Station C 
3064 
1934 
937 
1095 
949 
661 724 
295 
390 426 
357 
483 
Station E 
1410 
696 
843 867 
993 1082 
796 
648 877 
885 
1616 
1261 
Station M 
2932 
1845 
1420 
1527 
Rain 
amount 
(in) 
0.04 
0.04 
0.04 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
Rain rate 
(in/hr) 
0.1 1.2 
1.2 
3.0 
3.0 
3.0 6.0 
6.0 
6.0 6.0 
6.0 
6.0 
0.5 
0.6 
1.2 2.4 
2.4 
2.4 2.4 
2.4 1.2 
1.2 
0.5 0.2 
0.4 
0.1 0.5 
0.2 
Table 16 (continued) 
Time 
(CST) 
2327-32 
2332-35 
2335-37 
2337-39 
2339-41 
2341-42 
2342-43 
2343-44 
2344-44-1/2 
2344-1/2-45 
2345-45-1/2 
2345-1/2-46 
(still raining) 
Beta 
(pc/1) 
Station 
2423 
1590 
995 
770 
675 
744 
633 
567 
529 
448 
497 
519 
Rain 
amount 
(in) 
R 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
Rain rate 
(in/hr) 
0.6 
1.0 
1.5 
1.5 
1.5 3.0 
3.0 
3.0 
6.0 
6.0 
6.0 
6.0 
GENERAL CONCLUSIONS PROM SEVEN-STORM STUDY 
The conclusions presented below are based primarily upon 
the analyses for seven storms, and additional studies may modify 
some of these conclusions. They are presented here in the in-
terest of advancement of existing knowledge of the radioactive 
rainout process and it3 relationship to various meteorological 
factors in convective rainstorms. 
1. Through use of the combination of radar, raingage, and 
radioactivity measurements, efforts were made to evaluate the 
effect of developmental stage of convective cells and location 
of cells with respect to sampling stations on the concentration 
of radioactive rainout. Only part of the data from the seven-
storm sample could be used for this purpose because of the fre-
quent occurrence of station rainfall from complex, multicellular 
thunderstorms, similarity of experience among sampling stations 
in the same storm, attenuation of the radar signal by intervening 
precipitation, and other operational problems. Prom available 
data, evidence was found that the radioactive rainout concentra-
tions in the storm of June 13 were greater with mature cells and 
at stations located near the periphery of cells. However, these 
findings were not substantiated by data from several other storms, 
which indicated no distinct relationship. Therefore, the overall 
conclusion dictated by the seven-storm sample is that cell 
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developmental stage, and station location with respect to rain-
producing cells, may be partial causes of the large spatial and 
temporal variability in rainout concentration observed in con-
vective rainstorms, but other major causes are involved also, 
2. Occasional evidence was found that the initially high 
concentration of radioactivity at the forward edge of rainstorms 
was strongly related to the evaporation of falling raindrops. 
However, contrary evidence was also found, and the general con-
clusion from this study is that evaporation of falling raindrops 
was only one of several contributors to the initially high con-
centrations observed in Illinois storms during 1963. 
3, Most of the samples in the seven storms were obtained 
from clouds that did not penetrate the tropopause level. Wide 
variance in time and space was found between the rainout concen-
trations from these tropospheric storm clouds and, consequently, 
the great variability observed in 1963 storms cannot be attributed 
to stratospheric penetration of clouds. Furthermore, very heavy 
concentrations were found in some cases from clouds that defin-
itely did not reach close to the tropopause level during their 
approach and passage of sampling stations, 
4. A trend was found for the ratio of Ce144/Sr90, a debris 
age indicator, to be appreciably lower at the end of storms than 
at or near the beginning of rainfall. In four of five storms in 
which three or more time samples were obtained from several sta-
tions, the final ratios were significantly lower than the initial 
ratios. Until further research clarifies the causes of the large 
space and time variability observed in Ce144/Sr90 in the 1963 
storms, the use of this ratio as a reliable indicator of the age 
and/or atmospheric source of radioactive rainout is questionable, 
5, In four of the seven storms a trend was found for the 
average ratio of Ce144/Sr90 to decrease with increasing storm 
rainfall. In two storms no significant relationship was in-
dicated between storm rainfall volume and Ce144/Sr90. In the 
other storm (6/10/63) evidence of a decreasing ratio with in-
creasing rainfall was found in the second of two squall lines. 
Although a graphical plot of all data for the seven storms 
showed an overall trend for Ce144/Sr90 to decrease with in-
creasing storm rainfall, a large amount of scatter about the 
trend line was found. This scatter increased considerably when 
storm rainfall exceeded 0.75 inch in the 1963 storms. The trend 
line indicated an average ratio of approximately 22 for 0.10-inch 
storms, 17 for 0.50-inch storms, 15 for one-inch storms, and 13 
for two-inch storms, 
6, In several storms, evidence was found of possible 
stratospheric extrusions of radioactive debris. 
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7. Comparison of 32 time samples at station F on July 13 
provided an excellent example of the radioactivity-rainfall 
relationships associated with the approach and passage of warm 
and cold fronts and the complexity of the relationships between 
radioactive rainout and meteorological factors. For example, 
the age indicator, Ce144/Sr90, varied from 6 to 34 in a steady 
rain associated with the warm front approach, from 4 to 18 in a 
later rainshower associated with the warm front passage, and 
from 6 to 43 in a thunderstorm associated with the cold front 
passage. Similarly, the beta concentration ranged from 4540 
pc/1 at the start of the steady rain at F to 96 pc/1 during the 
thunderstorm near the end of the rain period. 
8. In agreement with general findings for 1963 and 1964 
storms (Huff, 1965), a trend was found for an inverse relation-
ship between the concentration of radioactive rainout and storm 
rainfall volume. However, the relationship was sometimes weak, 
and pattern comparisons showed that reversal from an inverse to 
direct relationship may take place within relatively short dis-
tances in the same storm system. From the study of these seven 
storms and other storms in the 1962-1964 period, it was found 
that rainfall volume, although it frequently explains 50 percent 
or less of the variance in rainout concentration among stations 
in a storm, is superior to rainfall rate, rainfall duration, 
cloud heights, jet stream proximity, and tropopause level as a 
predictor of rainout concentration and deposition in convective 
storms. 
9. In the seven-storm sample, maxima in rainfall rate 
profiles were frequently associated with minima in the rainout 
concentration profiles, but in a few cases concentration maxima 
were associated with rainfall rate maxima. This finding is in 
agreement with statistical analyses of a large number of 1963-
1964 storms (Huff, 1965)0 The above reversal in profile rela-
tionships may occur within the same storm system, and contributes 
to the reversal from direct to inverse relationships between rain-
fall volume and rainout concentration observed in pattern compari-
sons in storms. 
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